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THE discovery that certain mutations occur with a 
measurable frequency has had a great influence on evo- 
lutionary speculation. It is the object of this paper to 
attempt to delimit the part which it may have played in 
evolution. The suggested effects have been primary and 
secondary. In the first place, it has been thought that as 
the result of recurrent mutation of a gene to its allelo- 
morph, the new allelomorph has gradually spread 
through the population, displacing the original gene. In 
the second place, it has been pointed out that recurrent 
mutation of a gene would have secondary effects, even if 
the mutations were disadvantageous. Lethal genes, like 
parasites or predators, are part of the environment of 
the other genes. Fisher (1928) thought that the main 
secondary effect of disadvantageous mutations would be 
the accumulation of modifying genes tending to make the 
mutant type recessive. Some other secondary effects are 
suggested in this paper. Throughout I shall use the word 
‘*mutation’’ to denote a change in a single gene, and not 
with reference to such events as mutation in Oenothera, 
which generally depends on a rearrangement of the 
chromatin. 

The evolutionary effects of mutation which will be con- 
sidered are as follows: 

(1) Evolution due to a mutation rate so large as to 
cause the spread of a disadvantageous character. 
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(2) Primary effects of the spread of genes nearly 
neutral from the point of view of natural selection: 
(a) Appearance cf valueless but not harmful characters. 
(b) Disappearance of valueless but not harmful charac- 
ters. (c) Disappearance of genes in the Y chromosome. 
(d) Disappearance of genes in the ‘‘complex’’ of perma- 
nently heterozygous species. (e) Disappearance of ex- 
tra genes in polyploids and polysomics. (f) Primary 
increase of dominance. 

(3) Secondary effects of frequent disadvantageous 
mutations: (a) Increase of dominance due to mutation 
of dominant allelomorphs. (b) Increase of dominance 
due to spread of modifying genes. (c) Selective value 
of polyploidy, polysomy, and duplication. (d) Male 
haploidy. (e) Heterogametism of male rather than 
female sex. (f) Concentration of mutable genes in the 
X chromosome. (g) Development of internal balance in 
the X chromosome. 

In general, mutation is a necessary but not sufficient 
cause of evolution. Without mutation there would be no 
gene differences for natural selection to act upon. But 
the actual evolutionary trend would seem usually to be 
determined by selection, for the following reason. 

A simple calculation shows that recurrent mutation 
(except of a gene so unstable as to be classifiable as mul- 
timutating) can not overcome selection of quite moderate 
intensity. Consider two phenotypes whose relative fit- 
nesses are in the ratios 1 and 1-k, that is to say, that 
on the average one leaves (1—k) times as many progeny 
as the other. Then, if p is the probability that a gene 
mutates to a less fit allelomorph in the course of a life 
cycle, it has been shown (Haldane, 1932) that when k is 
small, the mutant gene will only spread through a small 
fraction of the population unless p is about as large as k 
or larger. This is true whether the gene is dominant or 
recessive. 

Now p is usually small. The largest value found by 
Stadler (1929) in the case of 8 maize genes was 4x 10~, 
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the lowest being less than 10°. We may take 10° as an 
upper limit in ordinary cases. This means that a coef- 
ficient of selection k of 10° would prevent them from 
spreading very far. The best cases of repeated muta- 
tion of the same gene induced by abnormal environment 
are those of Goldschmidt (1929) and Jollos (1931). Un- 
fortunately, the values of p can not be determined from 
their data, though it probably exceeded ‘01. But the heat 
used by them on Drosophila larvae killed many, and 
sterilized many more, and it seems likely that such strin- 
gent environmental conditions would wipe a species out 
rather than force it into a particular evolutionary path. 

Very high mutation rates due to heat may perhaps 
have played a part in evolution in two cases. It may 
have caused orthogenetic evolution of species near the 
tropical limit of their range, and thus may possibly be 
partly responsible for the greater diversity of species 
found in tropical as compared with temperate and arctic 
habitats. Again, the gonads of mammals and birds are 
permanently at a higher temperature than is usual in 
other organisms. It is possible that when this tempera- 
ture was first evolved, it increased the mutation rate of 
their genes. At the same time many new ecological 
niches were open, and therefore many types of mutation 
possessed a selective advantage. These two facts may 
have played a part in the very rapid evolution of mam- 
mals during the Eocene. But no definite opinion on this 
question is called for till a population of Drosophila or 
some other form has been shown to evolve under the 
influence of high temperature. If this could be experi- 
mentally shown to occur, and not to be due to selection, 
such an experiment would be decisive. 

There are other possible causes of a very rapid muta- 
tion rate. Natural radioactivity may have caused local 
outbursts of mutation, but a simple calculation dispels 
the attractive idea that the amount of radioactive sub- 
stances near the earth’s surface 10° years ago was suf- 
ficient even to double the present mutation rates. The 
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evidence for mutation under chemical influences is at 
present inconclusive. Demereé (1929) has found that 
one gene may influence the mutability of another, and it 
is:conceivable that such genes may have played a tem- 
porary part in evolution, being eliminated when a rela- 
tive equilibrium was reached, and mutability ceased to be 
advantageous. 

While, therefore, we can not deny the possibility that 
mutation frequency may occasionally have been large 
enough to counterbalance natural selection, and even to 
cause orthogenetic evolution of a disadvantageous char- 
acter, such events must have been rare. I have pointed 
out elsewhere (Haldane, 1932) that many of the cases of 
orthogenesis ending in extinction can be explained on 
quite orthodox Darwinian lines. For the survival of the 
fittest individuals does not necessarily produce a fitter 
species, and competition based on such characters as 
embryonic or pollen tube growth rates may be expected 
in some cases to lead to monstrous adult forms. We 
must, therefore, expect that the main effects of recurrent 
mutation have been due to mutation rates of much less 
than one in a thousand per generation. It is to these that 
we now turn. 

Where a number of allelomorphs seem to be of equal 
selective value, as in the case of those responsible for 
banding in snails and blood groups in man, their relative 
frequency in the population will be determined, not by 
the fitness of the genotypes, but by the stability of the 
genes. Diver (1929) has shown that the proportion of 
banded to unbanded Cepaea in England has not varied 
appreciably in the last few thousand years. k is there- 
fore much less than one thousandth, and may be less 
than the mutation rate of one of the genes concerned. In 
this case, if the ‘‘banded’’ gene mutates less frequently 
than the ‘‘unbanded,’’ it will spread until most British 
Cepaea are banded. Such cases are perhaps rare and 
their evolutionary importance slight, but they do seem to 
exist. 
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The main cases where mutation is a primary cause of 
evolution have in common the feature that mutations in 
one direction are weeded out by natural selection, those 
in the other being neutral. Consider the genetics of a 
useless organ such as the pelvis of a whale or the clavicle 
of adog. Such organs must be practically neutral. The 
amount of extra calcium and phosphorus made available 
to a whale or dog by the complete disappearance of these 
bones would be extremely small, and neither whale nor 
dog, from the nature of their diets, can suffer from a 
shortage of these elements, where a small margin would 
be important. Of the genes affecting such vestigial 
organs a majority will probably affect other organs too, 
and be selected in accordance with these effects. A few 
genes will mainly affect the useless organ. Now the 
majority of mutations affecting an organ generally tend 
to bring about a reduction in its size. This is well seen 
in the case of the numerous genes affecting wings and 
bristles in Drosophila, and is intelligible on any biochem- 
ical theory of any gene action. The usual, though very 
slow, effect 01: mutations will thus be to diminish the size 
of vestiges. But as an organ becomes useless, genes 
which exaggerate it also become less harmful than be- 
fore. For example, megalocornea would be of little harm 
to an animal living in complete darkness, and petalody 
of the stamens, though involving a slight waste of mate- 
rial, would not seriously handicap an apogamous plant. 
In spite of such occasional exceptions it is clear that the 
general trend will be towards the very slow progressive 
reduction of vestiges. As this will in some cases be due 
to the actual disappearance of genes, it may, in its later 
stages, be irreversible. 

An important particular case of the disappearance by 
mutation of useless organs is the disappearance of the 
genes in the Y chromosome. There is strong reason to 
believe that the Y chromosome has been evolved from a 
chromosome with a normal complement of genes, origi- 
nally homologous with the X. Such chromosomes appear 
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still to exist in some dioecious plants, and in fish such as 
Lebistes. On this view the Y chromosome originally dif- 
fered from the X only in respect of one gene. As soon 
as sex differences come to depend on more than one gene, 
crossing over must be suppressed in the heterogametic 
sex, or else the Y chromosome must differ so much from 
the X morphologically as to render crossing over rare. 

Clearly, in so far as genes in the X chromosome are 
fully dominant, natural selection will not oppose reces- 
sive mutations of genes in the Y chromosome. And 
deficiencies, that is to say, complete disappearance of 
genes, are stabler than ordinary recessives, which may 
occasionally mutate back. Thus in the long run ordinary 
recessive genes will be replaced by deficiencies. In some 
cases where dominance is incomplete the relatively small 
disadvantage caused by heterozygosity will not be 
enough to weed out recessive mutations, and these will 
tend to accentuate the difference between the sexes. In 
other cases of incomplete dominance, dominance will 
evolve, as pointed out later, by the Fisher effect, until the 
Y gene can safely be lost. 

On Darlington’s (1932) theory of chromosome pairing 
it is necessary, if the X and Y chromosomes are to pass 
regularly to opposite poles, that a small length of both, in 
the neighborhood of the spindle fiber attachment, should 
remain homologous, and give rise to chiasmata. In this 
neighborhood a few genes are to be expected in the Y 
chromosome, and it was here that Stern (1929a) found 
the normal allelomorph of ‘‘bobbed.’’ 

A somewhat analogous case occurs in permanently 
heterozygous plants such as Oenothera Lamarckiana. 
Here, as Darlington points out, there is a certain section 
in many of the ring-forming chromosomes in which cross- 
ing over rarely if ever occurs. These sections appear to 
carry the genes of the Renner ‘‘complex.’’ They should 
show a tendency to evolve in the same way as the Y 
chromosome. But this will be checked by the fact that 
the male gametophyte, and to a less extent the female 
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gametophyte, is under the control of the genes carried 
by it, while the spermatozoon is not. This is probably 
one reason why the dioecious higher plants rarely show 
a marked dimorphism of X.and Y, and these chromo- 
somes pair regularly in prophase. Any general tendency 
of Y genes to mutate would be stopped by natural selec- 
tion, as it would eliminate male-producing pollen. But 
in so far as the genes in the chromosome sections that do 
not cross over are indifferent to one at least of the 
gametophytes, there will be a tendency for a gene in one 
complex to disappear, while the corresponding gene in 
the other complex is unaltered or increases its domi- 
nance. Thus, although the degenerative process is never 
likely to go as far as in an animal Y chromosome, it is 
not surprising that many Oenothera species carry more 
lethals than are needed to produce a balanced system. 
The next three processes on our list all have the same 
evolutionary effects, though due to rather different 
causes. The processes will therefore all be dealt with 
before the effects due to increase of dominance. When 
we consider any series of multiple allelomorphs we find 
that as regards any particular structure or function the 
phenotypes can be arranged in a certain order. Of 
course the consideration of another structure may give 
a different order, but there is usually a fair agreement. 
At one end of the series we usually find a dominant, at 
the other recessive forms. Thus in rodent color genetics 
we have the E series ranging from black through the 
wild gray and ‘‘Japanese”’ to yellow, the lightest form 
being recessive. On the other hand, the G (or A) series 
ranges from gray (in the mouse yellow) through ‘‘black 
and tan’’ to black. Here the darkest form is recessive. 
The wild type may be at one end of such a series or in the 
middle. But in the latter case we never find recessive 
genes on both sides. Thus in rodents we do not find two 
allelomorphs, one darker and one lighter than the wild 
form, and both recessive to it. As a general rule, how- 
ever, the wild type is at one end of a series, usually the 
dominant end. 
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Goldschmidt’s (1927) theory of dominance states that 
genes which catalyze a reaction rapidly are dominant 
over those which catalyze it slowly. But in many cases, 
e.g., ‘*bobbed’’ (Stern, 1929b) a limit is reached where 
further speeding up of the reaction or addition to the 
number of genes produces no further effect on the char- 
acter studied. Where this is so, and the wild type is 
dominant, it is clear that minus mutations will give rise 
to recessive genotypes, and, if the wild type is fitter than 
these, the mutant genes will be eliminated by natural 
selection. On the other hand, plus mutations will have 
no effect on the adult genotype (at least as regards the 
character considered). There will, therefore, be a ten- 
dency for them to accumulate. In the absence of the 
secondary effects of mutation, we should expect to find 
in a given locus, first recessive genes and deficiencies in 
small numbers, constantly being produced by mutation 
and abolished by selection, and second a number of 
allelomorphs producing almost indistinguishable pheno- 
types, but some possessing a great deal more activity 
than the minimum required to produce the wild type. 
The proportion of these dominant allelomorphs, produc- 
ing very similar genotypes, would depend on their rela- 
tive mutation rates; in other words, on their relative 
stabilities. 

Actually, however, the process of dominance evolution 
is probably supported by two secondary effects. Hal- 
dane (1930) pointed out that plus mutations in any locus 
may be favored by selection provided that the original 
gene is not completely dominant, since the original type 
of gene is at a disadvantage in heterozygotes, and the 
new gene is not. Fisher (1931) accepts this as a supple- 
ment to the mechanism of dominance evolution which he 
originally suggested, namely, the spread of modifying 
genes which increase dominance. Wright (1929) and 
Haldane (1930) have criticized Fisher’s original theory, 
and it is far from certain which of the two secondary 
effects is likely to have the greatest effect in increasing 
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dominance. It is to be noted that both the secondary 
causes of increased dominance are limited in their action, 
and cease when dominance is complete. Their intensity 
is proportional to the frequency of minus mutations in 
the locus concerned. If plus mutations are anything like 
equally common, the primary effect will be much more 
rapid than the secondary. 

A particular case of the Fisher effect (secondary in- 
crease of dominance) is to be looked for in the case of 
sex-linked genes. The Y chromosome ‘‘empties’’ in the 
course of evolution, t.e., genes borne by it disappear or 
at least pass into a recessive condition. This can be 
counteracted in two ways, by an increase of dominance 
of individual genes, or by the acquisition of intra-chro- 
mosomal balance. The former process would be favored 
if the genes in the Y chromosome disappeared one by 
one, the latter if they disappeared in blocks as the result 
of sectional deficiencies. 

The evolutionary effects of increased dominance are, I 
think, more profound than Fisher has realized. On 
Goldschmidt’s (1923) theory a dominant gene has a more 
extended sphere of action, both in space and time, than 
a recessive. So much of his theory may be accepted, even 
if we do not admit that it always contains more gene sub- 
stance. Goldschmidt gives several examples from animal 
genetics, illustrating the wider spatial and temporal 
range of the more dominant gene, and they can be paral- 
leled in plant genetics. Thus, in maize, a series of allelo- 
morphs, not unlike the scute-achaete series in Drosophila, 
governs the distribution of anthocyanin over the cobs, 
silk, husks and grain, the form with the widest distribu- 
tion being dominant (Anderson, 1924). In Primula 
sinensis de Winton and Haldane (1932) find that JJ 
flowers are fully colored, jj] open white, but later assume 
a pale color, while Jj open white or pale, but later color 
up so as to overlap JJ. Thus two ‘‘doses’’ of J produce 
their effect quicker than one. 
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Now consider an organism in which a number of genes 
are just sufficient, in the homozygous condition, to pro- 
duce the most advantageous adult phenotype. The result 
of increased dominance will be to strengthen their action 
so that, where possible, its range both in space and time 
is increased. But however much the latter is extended, 
there will always, on Goldschmidt’s view, be a period 
when the homozygote is more advanced towards the 
adult condition than the heterozygote, even if both are 
quite alike in the final stage. Thus in so far as develop- 
mental abnormality is disadvantageous, the Fisher effect 
will always be tending to increase the activity of the 
genes, 

This tendency may be held up on biochemical grounds, 
or by natural selection if such extension of activity is 
disadvantageous. But it will be the normal tendency. 
Thus, where the embryo is sheltered by an eggshell or 
uterus, its form has very little survival value, and the 
time of action of genes originally active only in the adult 
will tend to extend progressively back into the life cycle. 
Whatever be the embryonic form at any stage, there will 
in general be an advantage in keeping to the normal 
schedule of development, and thus a disadvantage in the 
incomplete dominance which, on Goldschmidt’s theory, 
all heterozygotes must show in their early stages. 

We thus have a sound explanation, in terms of muta- 
tion and natural selection, for the phenomena of tachy- 
genesis and recapitulation. Genes will at first come into 
action rather late, but gradually extend their sphere of 
action in time, and on the whole the genes responsible for 
the phylogenetically older characters of the adult will 
come into action earliest. But these phenomena are of 
course far less likely to occur where there is an unshel- 
tered larva in which form and function have strong sur- 
vival values. We need not be surprised, for example, 
that limb buds appear at an earlier stage in the develop- 
ment of the body as a whole in Amniota than in Am- 
phibia. 
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Similar arguments hold good concerning neoteny. 
Genes which originally determined temporary embryonic 
or larval characters will tend to extend their action for- 
ward into adult life. The preservation in the adult of the 
embryonic cranial flexure, which has been an orthoge- 
netic trend in the evolution of the Primates, culminating 
in the human head, has not only been of advantage to the 
adults when they become climbers and later bipeds, be- 
sides permitting hypertrophy of the neopallium. It has 
also been a result of mutation pressure by the genes re- 
sponsible for cranial flexure in the foetus; and if Fisher 
is right, it has been encouraged by their tendency to 
develop a ‘‘factor of safety’’ protecting them against 
mutant genes which would otherwise have been danger- 
ous in the heterozygous condition. 

We can thus restate, in modern terminology, Weiss- 
mann’s theory of the ‘‘Kampf der Theile.’’ Every gene 
tends to increase its activity, and the process continues 
until natural selection or the increased activity of other 
genes puts a stop to it. The process is extremely slow, 
simply because mutation is rather infrequent, but it will 
account for otherwise obscure orthogenetic tendencies. 

Another tendency quite similar to that pointed out by 
Fisher is as follows. If a zygote contains four genes of 
a kind instead of two, the possibilities of harmful muta- 
tion are reduced. Thus Stadler (1929) found it much 
harder to produce mutations by x-rays in polyploid than 
diploid cereals. Duplication affecting only a few genes 
would confer a relatively slight advantage. But duplica- 
tion of a large section, polysomy of a whole chromosome, 
or polyploidy, might confer a considerable advantage, 
provided it caused neither unbalance nor sterility. 
Whether this advantage is sufficient to be of evolutionary 
importance is not clear, but the possibility exists. In any 
case such an evolutionary step, on whatever grounds the 
new type may survive, leaves such of the doubled genes 
as are fully dominant at the mercy of mutation, provided 
meiosis is so regular that each chromosomal locus finds 
a definite mate. For recessive genes will only be elimi- 


ee 


16 THE AMERICAN NATURALIST [Vou. LXVII 


nated if recessive mutations occur both in the original 
locus and the duplication, and all four of the recessive 
genes occur in one zygote. While the duplication or 
polyploidy may be preserved because it protects against 
mutations in some thousands of loci at once, the single 
genes will tend to disappear one at a time because they 
only protect one locus apiece. The final result will be 
that most of the genes will return to the diploid condi- 
tion, but their spatial relations will have been greatly 
altered. The process is therefore probably cyclical. 

We now come to a group of secondary effects con- 
nected with the cytology of sex. Consider an organism 
such as the bee, in which the male is haploid. Recessive 
lethal and semi-lethal gene mutations presumably occur, 
and kill off a certain number of males. But they can 
never kill a female (or diploid neuter) unless they are 
sex-limited in their incidence. As there appears to be an 
excess of drones over the minimum number needed, such 
lethal mutations, provided they are fully recessive, are 
of no disadvantage, and indeed of some slight advantage, 
to the species. If, on the other hand, the male were 
diploid and the female haploid, lethals would diminish 
the number of females, and thus be disadvantageous. 
There may well be sound physiological reasons why hap- 
loid animals are never female, but the above argument 
furnishes an additional reason for this fact. 

The same argument applies, with less force, to sex- 
linked genes in general. When once the majority of the 
genes in the Y chromosome have become inactive, reces- 
sive lethal mutations in the X chromosome will only kill 
off males. So in any species where more males exist than 
are needed to secure the fertilization of all females, it is 
advantageous that the male should be the heterogametic 
sex. We should therefore expect to find female hetero- 
gametism mainly developed in groups where monogamy 
is the rule. In such a case the killing off of males would 
have as serious an effect on fertility as the killing off of 
females. Actually monogamy is the usual condition in 
birds, and in Lepidoptera it is rather uncommon for one 
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male to fertilize several females. These are, of course, 
the two principal groups in which the female is hetero- 
gametic. 

In a species where the male is heterogametic and males 
are produced in excess, there will clearly be a small ad- 
vantage in any rearrangement of the genes by which 
those that frequently give rise to lethal mutations come 
to lie in the X chromosome. Such unstable genes will 
then only kill males. Owing to the greater ease of de- 
tecting sex-linked lethals, as compared with autosomal 
lethals, the evidence from Drosophila which at first sight 
suggests the truth of this deduction is of course worth- 
less. But the human evidence points in this direction. 
Sex-linked recessives, such as haemophilia and Leber’s 
disease, which would be semi-lethal in a state of nature, 
are fairly common. If loci giving lethal mutants were 
equally common in all chromosomes such defects should 
only be about one twenty-third as frequent as autosomal 
recessives recognizable by their causing congenital ab- 
normalities in several members of a family. This is 
almost certainly not the case. And the fact is not sur- 
prising. In a stage of social evolution where a number 
of young males can get no mates and may be a nuisance 
to the herd, a few sex-linked lethals may be a positive 
advantage to the species, as is the presence of genes con- 
ducing to cancer, which kills off superfluous old men and 
women, at the present day. 

A probably still more important influence on gene 
arrangement is the tendency discovered by Muller (1930) 
for internal balance to develop in the X chromosome, 
thus minimizing the differences between XX and XY in- 
dividuals. This tendency must be at work in all zygotes 
of at least one sex, while the former is only operative in 
those carrying a lethal or semi-lethal gene. The ten- 
dency to balance may, however, be regarded as a secon- 
dary effect of the accumulation of recessive lethals in the 
Y chromosome. Indeed this accumulation can only pro- 
ceed as the X develops internal balance. 
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It is noteworthy that the zygote of higher plants is to 
a large extent automatically protected against lethals by 
the fact that many genes are active in the male gameto- 
phyte. The majority of the zygotic lethals known in 
plants kill by suppressing the formation of chlorophyll, 
which is of course irrelevant to the gametophyte. Those 
which interfere with other fundamental cell functions 
will usually kill pollen tubes, and never attain homozy- 
gosity in a zygote. Moreover, they will rapidly be elimi- 
nated, even in the heterozygous condition, the number 
being halved in each generation. In so far as this is true 
we may expect that recurrent lethal mutation has been 
less important as a factor in the evolution of higher 
plants than of animals. Certainly there is rather little 
evidence for tachygenesis in plant evolution or recapitu- 
lation in plant development. 

It must at once be admitted that much of this paper is 
frankly speculative, and that some of the speculations 
may prove groundless. As Wright (1929) has pointed 
out, the effects of recurrent mutation are at best ex- 
tremely slow. Many of them may prove as unimportant 
in organic evolution as the tides raised by the planets on 
the sun have been in cosmic evolution. Others may turn 
out to have had as marked effects as have the tides in the 
evolution of the earth-moon system. Only careful and 
quantitative work will decide. Such effects, if they exist 
on a sufficient scale, will explain certain orthogenetic 
phenomena which have seemed to demand a vital urge, 
racial memory, and so on. But just because the theories 
here put forward are in some degree intellectually satis- 
fying, it is important that they should not be accepted 
without stringent examination. 


SUMMARY 


Recurrent mutations not only provide the material for 
selection to act upon. They may give rise to primary and 
secondary effects, the former due to the accumulation of 
mutant genes, the latter to the selective value of condi- 
tions which protect the organism against lethal genes. 
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Among the phenomena which can be accounted for by 
these phenomena are the disappearance of useless 
organs, recapitulation and the fact that the hetero- 
gametic sex is usually male. 
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I 


Tue fact of evolution is as firmly established as any in 
biology. Evidence for its support is available from 
many lines of biological inquiry. However, it is fre- 
quently maintained that the case in favor of evolution is 
too greatly built upon evidence from the past. The evi- 
dence from paleontology has therefore been objected to 
here in America, especially by the anti-evolutionists. It 
is a curious fact, though not difficult of explanation, that 
paleontology, together with astronomy, intrigues the 
American public: it has more interest in these two 
branches of science than one would at first thought sus- 
pect. It thus comes about that a great deal of work is 
done in paleontology which allures a public often capable 
of adducing adverse criticism meriting consideration. 
We must also admit, I think, that, due to the extravagant 
and sometimes erroneous claims of certain American 
paleontologists, the anti-evolution forces have justifica- 
tion for the objections which they raise to the evidence 
of the fact of evolution gathered from work in paleontol- 
ogy. But surely one does not need point out that the 
evidence in support of evolution is not wholly derived 
from paleontology; surely it would be a mistake not to 
appraise justly the evidence from other branches of biol- 
ogy. Not only distribution in time but also distribution 
in space and also taxonomy, comparative anatomy, em- - 
bryology, physiology and biochemistry yield each its 
mead of evidence in support of the proposition that the 
world of living things, as we know it to-day, is the result 
of an evolutionary process rather than of special crea- 
tion. Moreover, the contributions of modern genetics 
yield evidence of the fact of evolution. In front of ail, 
genetics is experimental evolution. 
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Among biologists exists the almost unanimous verdict 
that evolution took place. When, however, we turn to 
the question concerning the cause of evolution we find no 
prevailing opinion. Thus, it would be difficult to assem- 
ble any substantial number of biologists to-day who 
could agree as to the manner in which evolution came 
about. It may be that in time genetics will furnish us 
with the clue which will serve to solve this problem—for 
the evidence from this branch of biology, though in a 
certain sense small, is after all, when we consider its 
youth, not only large but significant. This one must hope 
because tangible work of to-day is more satisfactory than 
speculation concerning the past. And yet, such specula- 
tion will always be alluring. The drama of the universe 
in the act now before us is a tremendously moving spec- 
tacle, but the prologue to its pageantry is also capable 
of moving the dullest imagination. One need, therefore, 
make no apology, despite the clamor of existing theories, 
in voicing a note concerning the origin of the world of 
living things. 


II 


Even if we were to-day suddenly to agree upon one of 
the existing theories of the cause of evolution, or should 
make a theory which would encompass some of the 
existing ones, or if, finally, genetics were to give us 
the answer, there would still remain questions to be 
answered. These at preseit can not be answered, and 
some of them will never be answered until out of non- 
living substance a living thing is made. One fundamen- 
tal question therefore still remains: namely, how out of 
non-living matter did life arise? 

The combination of chemical compounds from the 
environment to make up the first living thing must ob- 
viously have meant a separation from the environment, 
that is, the combination must have been peculiar, both 
physically and chemically; otherwise, there never could 
have come about its separation and the maintenance of 
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its integrity apart from the environment. Now the 
moment that this peculiar combination of compounds 
arose, there must have begun reactions or responses of 
it to the environment—especially to temperature, to gases 
and to electrolytes. The chief characteristic of this 
original substance was its peculiar and complex organi- 
zation, which set it apart from its environment, but at 
the same time it must have been responsive to environ- 
mental changes. Indeed, these environmental changes 
must in the first instance have brought about the com- 
bination of compounds peculiar to living substance, and 
in the second place must have conditioned its activity. 

If we assume that this original mass of primitive pro- 
toplasm at first showed no high degree of differentiation, 
we can scarcely imagine it as a homogeneous structure 
throughout. As such it could not endure for any great 
length of time. As a matter of fact, the moment that we 
assume that a combination of chemical compounds was 
separated out from the environment as a living system 
we must, it seems te me, postulate some differentiation 
in the mass—-which differentiation would serve to keep 
the organism or combination of compounds intact. 

If, however, we could imagine such a combination of 
compounds separated from the environment as purely 
homogeneous throughout, then there must soon have 
come a time when factors in the environment played upon 
this structure and so modified, if they did not determine, 
its behavior. Certainly, it would be difficult to imagine 
even a non-living structure made up of the same elements 
or compounds found in the environment and maintaining 
its separateness from that of the environment without 
some structural difference from the environment. Any 
hypothetical drop of living substance, therefore, that we 
can imagine suspended in water or other solution must in 
some way have an organization which keeps it apart from 
its environment. The moment that this combination of 
compounds assumed life, it had response to that environ- 
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ment, both because it arose from the environment and 
must live in it.* 

Environment and organism are one; neither can be 
separated from the other. Living substance can not be 
considered abstracted either from time or from space. 
Two predominating characteristics exhibited by living 
organisms are: first, those changes which are time- 
ordered; and second, those which are environment-con- 
ditioned. Thus, the organism—a single cell, for example 
—changes from moment to moment and the rate of such 
changes becomes its differentiating characteristic; and 
though these changes tend to run in one direction—build- 
ing up protoplasm from simpler compounds while life 
lasts—the environment plays a part in yielding up the 
raw material for these changes and setting the conditions 
which make possible the reactions in the living substance. 
In a certain sense we should not speak of the fitness of 
the environment or the fitness of the organism: rather, 
we should regard organism and environment as one react- 
ing system. However, in a measure at least, the reac- 
tions in this system tend to run in the direction of the 
living component. 

The play of factors in the environment—temperature, 
gases and electrolytes—upon the living organism must 
be first on the cytoplasmic surface. Even if we assume 
that the primordial living thing was a mass of homo- 
geneous protoplasm structurally the same throughout, 
there must have early arisen a differentiation between 
surface and interior—a spatial differentiation. More- 
over, the constant interchange between environment and 
organism must mean reactions which take place first in 
the more superficially located cytoplasmic structure; 
these reactions would condition succeeding ones in the 


1 Although we must admit the possibility of life below size capable of 
observation under the highest powers of the microscope, we must also admit 
that we know little concerning the organization or structure of such ultra- 
microscopic organisms. If this be true, then we might most profitably 
begin with a hypothetical organism whose size is within the range of resolu- 
tion by the microscope. Nevertheless, what is said of such a hypothetical 
structure might also be true of an ultra-microscopic one. 
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endoplasm. Hence the differentiation was not merely 
spatial. The first step in the evolutionary process, then, 
was a differentiation of the cytoplasm into ectoplasm and 
endoplasm. 

III 

The question concerning the origin of living substance 
out of non-living is in turn related to others: 

Was there a single parent stem of living substance 
which gave rise to both animals and plants, or did ani- 
mals and plants arise independently of each other? If 
they did arise independently, was there one parent stem 
for plants and one for animals, or were there several 
stems of origin for each kingdom? Since answers to 
these questions to-day are purely speculative, one specu- 
lation is as good as another; I therefore here postulate 
that animals and plants arose from one primordial living 
thing. 

There are relatively few fundamental functions of the 
living protoplast. Among these are contraction, conduc- 
tion, respiration and nutrition. The primordial contrac- 
tion, or let us say that exhibited by the egg or the proto- 
zoan cell, involves the cell interior to a secondary degree 
only. For example, the unfertilized egg of Arbacia is 
highly elastic. It can be drawn out. into a fine strand; 
it returns to its original shape without loss of fertiliza- 
tion capacity when the strain is removed. This contrac- 
tility, however, is lost after insemination with those 
changes at the surface incident to fertilization. The 
contractile power of an amoeba is due to the ectoplasm. 
The cilia of ciliated protozoa are ectoplasmic structures. 

Closely bound up with contraction is the phenomenon 
of conduction. Here again we find an ectoplasmic func- 
tion. The transferal of the effect of a stimulus is 
largely, if not wholly, ectoplasmic. In the fertilization 
of the egg it can be shown that the effect of great rapid- 
ity is confined to the surface. There is evidence that an 
egg without ectoplasm is incapable of fertilization. 
Therefore, the initial effect of insemination travels only 
over the surface because it can not involve the interior. 
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Once fertilization is effected the egg can not be fertilized 
again because the local fertilization-reaction propagates 
a wave which runs over the surface and so bars reaction 
with additional spermatozoa. This is evidence for the 
differentiation between the ectoplasm and the endoplasm. 
In tissues highly endowed with conductivity, as well as in 
tissues highly endowed with contractility, the predomi- 
nating characteristic is relatively large surface area. By 
and large, it is reasonable to assume that both contractil- 
ity and conductivity are greater in surface-rich than in 
surface-poor protoplasm. 

If we turn to those animals which possess nervous tis- 
sue, we note that this tissue—and also where present the 
nervous system—arises from the ectoderm cells. In 
many animals which possess a nervous system the eggs 
show unequal cleavage both as to size of the blastomeres 
and as to rate of cleavage. In all these eggs the smaller 
blastomeres with the greater rate of cleavage are ecto- 
derm cells. Now it would seem to be good reasoning to 
take the position that rapidly dividing cells are such be- 
cause they lack or have less inert meiaplasmic substances. 
I do not mean by this merely the bulk of yolk, for ex- 
ample, but rather the distribution and the kind of yolk 
(and other metaplastic substances) in a given cell; that 
is, the presence of yolk per se is not necessarily a hin- 
drance to cleavage. Instead, it is the distribution of this 
yolk and its physical make-up which interfere with the 
cleavage process. On the whole, therefore, we may con- 
clude that the most rapidly reacting tissue among meta- 
zoa is the nervous tissue, and that this arises from the 
ectodermal cells, which in turn are the most rapidly 
developing cells of the zygote. There is some evidence 
which indicates that those cells among all cells of the 
zygote divide most rapidly which possess most hyaline 
cytoplasm. In other words, the ectoplasm, which is the 
surface-located hyaline substance of the egg, has a great 
deal to do with determining the rate of cleavage and also 
the direction of the cleavage furrows. 
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The subsequent differentiation from a hypothetical 
first form of life into animal or plant we may suppose 
came about through the greater exaggeration of contrac- 
tion and of conduction by that form which evolved as 
animal. A deviation or less emphasis on these brought 
plants as such into being. It is surely on the side of the 
nervous tissue system that a great difference lies between 
animals and plants. 

With respect to cellular oxidations, we have the very 
beautiful work by Warburg which establishes that cellu- 
lar oxidation is a function of cytoplasmic structure. 
Again it is reasonable to assume that oxygen coming into 
the cell makes first some union with the superficial cyto- 
plasm. Certainly this assumption is more reasonable 
than that which states that oxygen enters and remains 
inert until it reaches the nucleus, formerly considered the 
seat of intra-cellular oxidations. 

Animal evolution advanced rapidly or slowly, to a 
higher or lower stage, depending upon the degree of 
ectoplasmic behavior exhibited as contraction and con- 
duction. Animals to-day differ largely because of differ- 
ences in these two manifestations of life. Plants to-day 
differ from animals largely on the side of these two 
manifestations, since they possess them to a less degree. 
Animals exaggerate the fundamental phenomena of con- 
traction and conduction, hence the origin and evolution 
of muscle and nerve tissue; plants do not. 

Now of three fundamental life-processes—contraction, 
conduction and respiration—respiration may be regarded 
as primary : on it depends all vital activity. Respiration, 
the same in both animals and plants, may yet have been 
responsible for the early splitting off of the plant and 
animal kingdoms from the first hypothetical living thing. 
That is, those individuals of the first form of life possess- 
ing most rapid rates of oxygen consumption tended to 
oxidize themselves, or as cannibals, their like. Some, 
because of lesser intake of oxygen, tended to accumulate 
CO, and thus developed photosynthetic power as a means 
of protection. With this went also the building up from 
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CO, and water of carbohydrate polymers to form com- 
plex compounds, including cellulose. The presence of 
cellulose determined the organization of the cytoplasm 
found in higher plants—that is, a cytoplasm of peripheral 
location enclosing a vacuome. 

Speculation concerning the origin of the world of ani- 
mals and plants as we know it to-day must remain as 
speculation until we can make a living thing. In a sense, 
therefore, such speculation is fruitless. We tend always 
to explain the past history of animal life in terms of our 
knowledge of life to-day. If it be true that the primitive 
cells of to-day, protozoa and egg shells, possess an 
organization into ecto- and endo-plasm which shows a 
physiological differentiation, thus placing the scene of 
vital phenomena in the cortex or ectoplasm, then the 
explanation here attempted merits some consideration.’ 


IV 

Conceptions of protoplasm as a rigidly mechanical 
system have dimmed our vision. We have often striven 
to prove life as wholly mechanistic, starting with the 
hypothesis that organisms are machines! Thus we over- 
look the organo-dynamics of protoplasm—its power to 
organize itself. Living substance is such because it 
possesses this organization—something more than the 
sum of all its minutest parts. Our refined and particu- 
laristic physico-chemical studies, beautiful though they 
are, for the most part fail because they do not encompass 
that residuum left after electrons and atoms and mole- 
cules and compounds even have been studied as such. It 
is this residuum, the organization of protoplasm, which is 
its predominant characteristic and which places biology 
in a category quite apart from physics and chemistry. 


2 The reader is referred to my papers—‘‘Die Rolle des kortikalen Cyto- 
plasmas bei vitalen Erscheinungen’’ (Naturwissenschaften, 1931, H. 48, 49 
and 50) for a discussion of the rédle of the cortex in these phenomena. My 
paper, ‘‘On the Origin of Mutations’? (Amer. Nat., Vol. 66, 1932) is a dis- 
cussion of the effect of external agents on cytoplasm as the cause of the altered 
chromosome behavior in mutations: every mutation due to chromosomal be- 
havior is preceded by cortical modification. From this point of view, ‘‘endur- 
ing modifications’’ and mutations differ in degree only since the cause of both 
lies in the cytoplasm. 
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To be sure, protoplasm is a physico-chemical system. 
As such it must finally yield to analysis by physicists and 
chemists. Nevertheless, it is, in my judgment, a mistake 
to predicate explanations of vital phenomena in terms of 
present-day conceptions prevailing in physics. Even if 
there were no disagreement among physicists concerning 
the structure of the atom and the behavior of electrons, 
it would still be hazardous for biologists to offer explana- 
tions of protoplasmic activity in terms of physical theory. 
Therefore, I do not believe that I deal in ‘‘hyperphysics’’ 
when I say that up to now purely physico-chemical 
analysis of protoplasmic behavior by biologists has not 
given results sufficient to indicate an answer to the fun- 
damental problem in biology; nor is it barren vitalism to 
say that there is something remaining in the behavior of 
protoplasm which our physico-chemical studies leave 
unexplained. This ‘‘something”’’ is the peculiar organi- 
zation of protoplasm. The successful answer to the 
questions concerning the origin and cause of vital phe- 
nomena thus waits upon our sharper definition of proto- 
plagmic structure. 

Now the structure of cytoplasm varies, and this varia- 
tion frequently depends upon the worker who describes 
the structure: if he work on living cells, he gives us one 
picture which may be true for the particular cell which 
attracts his attention, but not true for all cells; if he work 
with fixed cells, his picture may be true or false, depend- 
ing upon the excellence or poverty of his technique. 
Frequently, workers do not distinguish between the meta- 
plasmic substances and the ground substance, or true 
cytoplasm. Thus, on the basis of observations made on 
improperly fixed material, workers tell us that proto- 
plasm is made up of holes; whereas what is true is that 
the action of the fixative in such cases has dissolved out 
the yolk and the oil, leaving strands or granules among 
the empty spaces. In this discussion I define the cyto- 
plasm as all the material of the cell outside of the nucleus 
minus the cytoplasmic inclusions—oil-drops, yolk, food 
granules, mitochondria, Golgi bodies and the like. 
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The simplest types of cells are undoubtedly free-living 
cells—as, for example, the protozoa and egg cells. Cer- 
tainly in these latter the ground substance, as revealed 
by the study of them after centrifuging, is a clear homo- 
geneous matrix in zones of which are suspended the 
various cytoplasmic inclusions. That this ground sub- 
stance is the cytoplasm par excellence, we know from the 
fact that hyaline pieces of it, from certain eggs, entirely 
devoid of cytoplasmic inclusions, are capable of develop- 
ment which except for the size of the larvae is scarcely 
distinguishable from that of the whole egg. 

In all these free-living cells there is a cytoplasmic dif- 
ferentiation: that.is, the cytoplasm is made up of ecto- 
plasm and endoplasm. This differentiation is a struc- 
tural one. It is, moreover, physiological. Indeed, in 
some cells which do not clearly exhibit at a given moment 
in their life history a structural ecto- endo-plasmic dif- 
ferentiation, there reveals itself a behavior which marks 
a difference between ectoplasm and endoplasm. Finally, 
this differentiation varies from moment to moment dur- 
ing the life history of all cells. We musi therefore bear 
in mind that, in front of all, the living substance is a 
time-thing.* 

It is a fair assumption that protozoa are the most 
primitive animals existing to-day. To this most of us 
are agreed. Moreover, the egg cell is the adult metazoon 
in its simplest and most primitive form. Since these 
primitive cells exhibit so clearly ecto- endo-plasmic dif- 
ferentiation, it may be that this possesses some signifi- 
cance for a theory concerning the origin and evolution 
of living things. I therefore suggest that the first living 
thing arose out of the environment through a differentia- 
tion between the surface and the interior of the complex 
of compounds of which it was made; that animals and 
plants diverged from this primordial form through dif- 
ferences in structure (and behavior) of the cortical cyto- 
plasm; in short, that cortical cytoplasm was and still is 
a factor in evolution. 

3 See also Bayliss, Principles of General Physiology, Longmans Green, 1915. 


A POSSIBLE RELATION BETWEEN THE 
PRODUCTION OF ANIMAL PLANKTON 
AND THE CURRENT-SYSTEM OF 
THE 


IACOB D. SOMME 


BIOLOGICAL LABORATORY, UNIVERSITY OF OSLO, NORWAY 


Damas’s CrrcuLtation HypotrHEsis 
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From a number of investigations carried out during 
the last 50 years we know that every planktonic species, 
animal or plant, has its own characteristic geographical 
distribution. Only very few of the papers published on 
this subject attempt, however, to discuss the reason for 
this phenomenon. <A very interesting exception in this 
respect forms a paper by Damas (1905), where Damas 
not only raises the problem of the specific distribution of 
plankton organisms, but also suggests a method for its 
possible solution. Damas’ questions we may form in the 
following way: Why are the species of plankton animals 
in their distribution limited to distinct areas of the sea? 
Why is it that these animals, which we know may be car- 
ried far away with the currents, are not within a short 
time evenly distributed from pole to pole? 

Damas’s investigations included three important spe- 
cies from the southern Norwegian Sea, Calanus fin- 
marchicus (Gunner.), Calanus hyperboreus Krgyer and 
Pseudocalanus elongatus Boeck. His treatment of the 
Calanus finmarchicus most clearly demonstrates his 
method. For this species Damas succeeded in determin- 
ing 11 moulting stages (later investigations have proved 
the existence of 12 stages). The occurrence of eggs, as 
well as each of the moulting stages or groups of such, 
and also the adult animals were now by Damas mapped 
out separately. These charts Damas now compared with 

1 Read before the Academy of Science, Oslo, October 3, 1930. 
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charts showing the differences in external conditions of 
the area investigated, hoping by this method to find an 
interrelationship between distribution and environment. 

Damas’s charts of the distribution of eggs, males and 
females of the species mentioned (Fig. 6) proved the 
existence of a large and distinct spawning area during 
May-June, 1904, a spawning area which was found to be 
situated within the surface isothermes for 2° and 6° C. 
The main spawning was even found to occur between the 
narrow limits of 4° and 6°. The larval stages from this 
spawning area had, on the other hand, a far wider distri- 
bution than the eggs. They followed the current north- 
wards and eastwards through the Norwegian Sea. 

In order to give a feasible explanation of the phe- 
nomenon just described, Damas put forward his circula- 
tion hypothesis, a hypothesis which he also tried to 
extend to other species and other areas. The foundation 
for this hypothesis was the discovery by Helland-Hansen 
and Nansen of the great cyclonic current system of the 
waters of the southern part of the Norwegian Sea, which, 
however, in 1905 had not yet been published. Damas 
assumed that the whole life cycle of the species in this 
area depended upon this cyclonic system. Spawning 
could apparently only take place within the limits of tem- 
perature which he had found inside the spawning area. 
The new generation derived from the spawning was first 
carried with the current away from the spawning area, 
and later with the cyclonic current back again to the 
same area and to the same physical conditions where 
spawning could once more take place and another genera- 
tion could then start its drift. The necessary time for 
each drift along the course of the cyclonic system and 
each generation would, according to Damas, have to be 
one year. 


II 


From a biological and hydrographical point of view 
grave doubts may be raised against Damas’s famous 
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circulation hypothesis. Our present knowledge of the 
temperatures at which the spawning of Calanus fin- 
marchicus takes place thus forms a conclusive objection. 
If we compare the different temperatures of the areas 
from which this wide-spread species has regularly been 
recorded, a considerable variation in spawning tempera- 
tures is found. The papers by Farran (1927) and Russel 
(1928) clearly show that the spawning at the English 
coast takes place at a temperature of about 10° or more. 
The frequent occurrence of the species during the whole 
year in more southern waters proves that the upper 
limits of spawning are not herewith reached. In the 
Lofoten area, at the Norwegian coast, from where I shall 
below give some results from my own investigations, I 
have actually found spawning females and eggs of the 
earliest cleavage stages in waters of a temperature down 
to 1°.22. The frequent occurrence of the species in 
waters where even lower temperatures are predominat- 
ing suggest still lower limits. Certainly, it is thus very 


improbable that in the southern Norwegian Sea—among 
holoplanktonic species—we should find a local race pre- 
adapted to spawn in the narrow temperature interval of 
4°_6°, 


Spawnine or Calanus finmarchicus Calanus hyper- 
boreus IN THE LoroTEN AREA 


An extensive material collected by the Norwegian 
Fishery Board in the Lofoten area, together with mate- 
rials collected by Nordgard from the same area in 1899 
and 1900, has given me an opportunity for investigating 
the spawning areas of the two species, Calanus finmar- 
chicus and Calanus hyperboreus, according to the meth- 
ods of Damas. 

Damas gives in his paper only very few details as to 
his methods for determining the younger stages. The 

first task of my work has therefore been to give a more 
complete description of the younger stages and to work 
out a method for the determination of the quantities of 
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each stage present in the sample. A morphological dif- 
ference was in the two closely related species only found 
in the structure of the eggs, while in the early larval 
stages (six nauplius and three first copepodid stages) no 
such difference could be found. By measuring the cara- 
pace, however, a decided difference in size was found, 
and by this means a separation of the species and a quan- 
titative determination can be effected. 

By using this method I have succeeded in mapping out 
the spawning areas for the two species during their 
spawning time, March to April (Fig. 1). 


F 


Fig. 1. The area investigated with the surface isotherms for March to 
April, 1922. The darkened areas show the centers where rich hauls have 
been made during winter time for both species investigated, and to which 
the spawning of Calanus hyperboreus is limited. The area shaded is the 
cold area into which most numbers of Calanus hyperboreus, females and 
larval stages, are carried after spawning time, and where the main spawn- 
ing of Calanus finmarchicus takes place. 


Spawning Calanus finmarchicus and their eggs were 
found in every locality investigated, but the numbers of 
females and eggs show a great deal of variation within 
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different parts of the area. A cross-section on the 9th 
of April, 1922 (Fig. 2), where the numbers of females 
and eggs of this species have been recorded graphically 
with the temperatures of the water, show a marked in- 
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Fig. 2. Cross-section from the outer part of the Lofoten area on the 9th 
of April, 1922, with temperatures, together with the number of females (to 
the left) and eggs (to the right) of Calanus finmarchicus caleulated as 
average numbers in haul of 100 meters. Total numbers are given beneath 
the number of station. 


TABLE 1 
AVERAGE NUMBERS OF EGGs AND FEMALES OF Calanus finmarchicus, Marcu 
To APRIL, 1922, PLOTTED AGAINST SURFACE TEMPERATURES OF DIFFER- 
ENT PARTS OF THE AREA INVESTIGATED. N= NUMBER OF HAULS. 
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crease in the numbers in the northwestern part of the 
section, where the surface temperature is less than 3°. 
This characteristic feature has been found in all cases 
investigated. Table 1 thus gives the average numbers of 
eggs and females in March-April, 1922, plotted against 
intervals of surface temperatures. From waters of a 
surface temperature below 3°.5 the number of individuals 
are strikingly predominant. Apparently we have here a 
characteristic spawning area very much like the spawn- 
ing area described by Damas. The proportion of eggs 
and females show, however, no marked difference in 
parts of the entire area investigated. The predominant 
spawning in the northern area of cold waters is thus 
simply due to the great excess in numbers of spawning 
females found there; the fewer specimens spawning 
freely outside this part of the area clearly shows that no 
limiting factor exists for the spawning process itself. 


4g 


Fig. 3. Two sections along the Lofoten area, March to April, 1929, with 
the numbers of old generation of Calanus hyperboreus (to the right) and 
Calanus finmarchicus (to the left) calculated as average numbers in hauls 
of 100 meters. The first section was investigated at the time when Calanus 
finmarchicus had finished the vertical migration. Calanus hyperboreus in 
case of vertical migration. The second section shows how the numbers de- 
crease inside the winter area and increase outside after the vertical migra- 
tion has been finished. 


| 

a | 100 
200 

300 

400 

a 500 (eters 

(00 

300 

a 400 | 
1500 


36 THE AMERICAN NATURALIST  [Vou. LXVII 


For Calanus hyperboreus the spawning area was found 
to be strongly limited to the inner parts of the area, 
mostly inside the surface isotherm of 2° (Figs. 1 and 3a). 
In this species the many samples examined from the 
years 1922, 1923, 1924 and 1929 clearly reveal that no 
spawning takes place outside this part of the area; the 
species in question is here not found outside the inner 
area before the first days of April, and the samples are 
then found to consist of females which already have 
spawned (recognized by their wide oviducts) and later 
larval stages. 

An interesting fact in the biology of this species is a 
searce stock of actually spawning females with their 
newly spawned eggs, which was found inside the spawn- 
ing area in hauls from below 100 or 200 meters more than 
a month after the spawning in the upper layers had been 
finished. The temperature during this spawning was 
from 6°.5-7°. In cultures I have, moreover, succeeded in 
observing the mature females spawning in temperatures 
from —1.°5-7°.5. If the temperature represented the lim- 
iting factor for the spawning of this species, spawning 
would, according to these observations, take place not 
only in the whole area investigated by me, but also in 
most parts of the Norwegian Sea and in wide areas in the 
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Fic. 4. Vertical distribution of Calanus finmarchicus (to the left) and 
Calanus hyperboreus (to the right), December, 1928. The three stations 
364, 367 and 368 are from the Lofoten area (67°-68°.30’N), station 357 
from a fjord further north (69° N) and station 374 from M¢gre (63° N). 


ia 

oa 

: 
' 

at 

3005 

w 

4-00 

500 


No. 708] ANIMAL PLANKTON AND SEA CURRENTS 37 


north Atlantic. About the same conclusions would be 
reached regarding the salinities at which spawning has 
been observed. 

What, then, is the reason for the peculiar arrangement 
of the two species during the spawning time? 

A section from December, 1928 (Fig. 4), shows the 
large numbers which at this time of the year are accom- 
modated in great depths. Calanus hyperboreus is only 
found in hauls which are representing waters deeper 
than 300 meters; Calanus finmarchicus is most frequent 
in the deepest hauls, but is also met with in considerable 
numbers in waters up to 200 meters. This type of verti- 
eal distribution, which has always been found in mate- 
rials from December, January and the two first weeks of 
February, lead to an interesting conclusion. The absence 
of Calanus hyperboreus in the outer parts of Norwegian 
coast waters before the 15th of March (found by Nord- 
gard (1899), Ruud (1929), from my materials and 
others) are quite simply explained by the fact that those 
great depths, which are a matter of necessity to the 
species at this time of the year, do not exist in these parts 
of the ocean. In Calanus finmarchicus the materials give 
the same picture, only not so marked as in the preceding 
species. A few specimens have during the winter been 
caught outside the deep areas by Nordgard, Ruud and by 
myself, but the numbers caught are always less than 1 
per cent. of the numbers from the rich hauls in the deeper 
water masses. 

This winter situation is in both species interrupted by 
an active vertical migration of the animals in spring. 

Fig. 5 shows the type of vertical distribution in Cala- 
nus finmarchicus before and after the migration. The 
intermediate stages—catches from the period of actual 
migration—are fairly well demonstrated in Nordgard’s 
materials and partly in my own materials (e.g., Calanus 
hyperboreus in Fig. 3a). In this way it has been possi- 
ble to determine the time at which the migrations take 
place. In the case of Calanus finmarchicus migration is 


| 


THE AMERICAN NATURALIST  [Vou. LXVII 


St. 367 St, 80 
AAy-29 
4085 
F100 
(50 


300 


i550 

Fic. 5. Different type of vertical distribution in Calanus finmarchicus 
in the Lofoten area in December and April. The total numbers caught are 
in each case found beneath the number of the station. 


finished before the 15th of March, in Calanus hyper- 
boreus not before the 15th of April, the difference in time 
between the two species thus being about one month. 

In the deep water where the water masses are but com- 
paratively slowly renewed, the animals are well protected 
against the stronger effects of current.’ As soon, how- 
ever, as they by vertical migration reach the surface 
layers, they arrive in water masses which, on account of 
the flow of fresh water, are forced away from the coast. 
The total numbers of individuals caught in the hauls 
from bottom to surface at a station thus always show a 
marked decrease during and after the migration in those 
places where great numbers were found to be stationary 
during the winter. In the southern part of the Lofoten 
area, where the coastal current, carrying water of com- 
paratively high temperature and high salinities, runs 
into the area, nearly all specimens from the winter time 
are washed away shortly after the migration. At one 
station here (Okssund) I obtained on the 10th of Decem- 
ber, 1928, 4,085 specimens of Calanus finmarchicus before 
the migration. Nordgard obtained 1,443 on the 17th of 
February, 1899, during the period of migration and only 
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186 on the 29th of March, 1899, after the migration. In 
April, 1922, several catches from this same locality have 
shown me none or only single specimens. In the fjord of 
the northeastern part of the area, where the currents are 
of more local origin, more specimens are left after the 
migration (Fig. 3). On an average I have found that 
about 19/20 of the winter stock are carried away, only 
1/20 are left behind in the original area. 

Simultaneously with the decrease in numbers inside 
the areas where the species are found during winter, an 
increase has been found in certain areas outside, espe- 
cially in the northern part, caused by the transport with 
the currents from the inner parts. 

The average numbers found in different months of 
winter and spring thus gives us the means of defining the 
areas from which the species disappear after the migra- 
tion and to which areas they are carried away. 

Another factor which is of great interest for the defi- 
nition of the extent of the spawning areas has been found 
in the study of the breeding season of the species. The 
females of Calanus hyperboreus have their oviducts 
filled with eggs, and the copulation takes place in Janu- 
ary and the first week of February. During the three 
last weeks of February they are only found with unripe 
eggs in the later stages of growth. The males die off and 
disappear from the plankton before the vertical migra- 
tion. During migration the composition of the stock was 
in 1929 found to consist of 57 per cent. females and 43 
per cent. belonging to the two last larval stages. The 
spawning takes place during or immediately after the 
vertical migration, and males, or females with eggs, have 
—in spite of the excess of larval stages—never been 
found after the migration. 

Thus in Calanus hyperboreus but one factor appears 
to determine the extension of the spawning area, namely, 
the distribution of the species during winter time. 

In Calanus finmarchicus this is different. On an aver- 
age, this species—as already mentioned—undertakes the 
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vertical migration a month earlier than the preceding 
species, while the appearance of eggs, in the oviducts of 
the females and in the samples collected, shows that it 
spawns more than a month later. Two factors are ac- 
cordingly found determining the spawning area of this 
species, namely, the winter area of distribution and more 
than two months’ exposure to the scattering effect of the 
surface currents. 

The phenomenon that the spawning areas are found 
limited to certain isotherms and isohalines thus appears 
to obtain a quite natural explanation. The limiting iso- 
therms and isohalines are merely these characteristic 
limits of different currents, well known to oceanogra- 
phers, in this case the limits of cold and fresh water 
carrying the species away from the inner coastal areas. 

The chief features of the seasonal distribution and the 
production of individuals of the two species investigated 
are, as will be seen, due to a combined biological-hydro- 
graphical mechanism, the details of which, as hitherto 
observed, are now being published in ‘‘Report on the 
Norwegian Fishery and Marine Investigations.’’ Many 
important questions are, however, left to future investi- 
gations. The winter stock in the deep waters is thus cer- 
tainly due to an invasion of specimens who have sunk to 
great depths in summer and autumn, but the materials 
are so far quite insufficient for further studies of this 
phenomenon. As regards the biological part of the 
mechanism, still more questions are left, questions which 
will demand more extensive experimental studies than 
the very few hitherto carried out. What are, for in- 
stance, the factors determining the breeding season of 
the animals? It is an interesting point that, in the arctic 
species investigated, males and females with eggs in the 
oviducts are only found in deep water and at the darkest 
period of the year. In the wide-spread boreal species, 
Calanus finmarchicus, mature individuals have only been 
observed after the specimens have for some time been 
exposed to the stronger light intensities of the surface 


«| 
Va 
Bre 
& 


No. 708] ANIMAL PLANKTON AND SEA CURRENTS 41 


layers. Possibly light measurements carried out simul- 
taneously with the collectings will give a more complete 
understanding of these features. 


HELLAND-HANSEN’S AND NANSEN’s HypoTHEsiIs 


Neither in Damas’ paper nor in the Bulletin Trimes- 
triell (May—June, 1904), where the figures of frequencies 
of the species in Damas’ materials are published, have I 
been able to find any foundation for Damas’ opinion that 
the spawning of the animals is limited to certain iso- 
therms. Both papers mentioned quite simply show the 
same phenomenon as just described from the Lofoten 
area, certain limited areas with high frequencies of cer- 
tain planktonic species. 

It would at present have been very difficult to find any 
relation between the distribution of Damas’ three species 
and the environment, had it not been that Helland-Han- 
sen and Nansen (1909, pp. 312-316), when they published 
their discovery of the cyclonic system in the southern 
Norwegian Sea, had also made the problems raised by 
Damas the object of a short discussion: 

When he wrote his interesting paper, Damas did not know in detail the 
result of our investigations as regards the movements of the water in the 
southern Norwegian Sea; he only knew our discovery of the great cyclonic 
system. He could not therefore give a detailed explanation of the distri- 
bution observed. We think that our circulation gives a quite natural ex- 
planation. According to Gran’s (1902) and Damas’s investigations it 
seems as if there are different species of plankton organisms, e.g., Calanidae, 
that are quite characteristic for certain areas in open sea; within these 
areas they abound, while they are comparatively rare outside them. We 
may assume that they are in a way stationary there. We can only explain 
this fact by assuming that the water masses of those areas are also more 
or less stationary, and are renewed comparatively slowly. We have found 
in the southern Norwegian Sea especially three different areas where there 
is probably a very slow renewal of the water-masses, and where a great part 
of the water probably remains for a long time, exposed to circulatory move- 
ments in various directions. 

After having given an account of these areas (which 
will be seen in Figs. 6 and 7), the two authors continue: 


If we now look at Damas’s chart (Fig. 6) it is striking how exactly his 
areas of three kinds of Calanidae coincide with the four areas just de- 


Best 
: 
a 


42 THE AMERICAN NATURALIST [Vou. LXVII 


scribed. Pseudocalanus is stationary in the central water chiefly of Atlan- 
tic origin, in our central area 1 of the cyclonic system. Calanus hyper- 
boreus is stationary in the axis of cold and heavy Arctic water described 
as our area 3. Damas’s boundary line (Fig. 6, B) of the area coincides 
almost exactly with the equilines mentioned above. Calanus finmarchicus 
is evidently stationary in the mixed waters of Arctic and Atlantic origin, 
in our areas 2 and 4. 


In their paper Helland-Hansen and Nansen have not 
mentioned any reason why they have compared Damas’ 
chart of the distribution of the species, which Damas re- 
gards as surface species, with the chart of the movements 
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Fig. 6. Distribution of Calanidae in the southern Norwegian Sea accord- 
ing to Damas. The lines mark the boundaries of regions where the differ- 
ent species abound: A, adults of Calanus finmarchicus; B, Calanus hyper- 
boreus; C, Neritie plankton. The broken hatching indicates the distribu- 
tion of larvae of Calanus finmarchicus ; the numbers indicate the more still 
standing water masses at 300 meters (reconstructed from Damas, 1905, 


of the water masses at upper 300 meters. As we have 
seen above from Lofoten, it is only during winter that 
the species are stationary, and then they are stationary 
in depths of 300 meters or more, where the water is com- 
paratively slowly renewed. In spring and early summer 
they are exposed to the swift surface currents and car- 
ried far away from their original area. The tempera- 
ture, and still more the light conditions are, however, 
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somewhat different in Lofoten and the southern Nor- 
wegian Sea. The behavior of the species in the two 
places therefore are not directly comparable, had it not 
been that materials from the southern Norwegian coast 
(Nordgard and J¢grgensen (1905), Ruud (1929) and my 
materials from Oslofjord and M¢re), where the condi- 
tions are not much different, had already shown the same 
main features as in Lofoten. No doubt, Helland-Hansen 
and Nansen were right in choosing just a depth of 300 
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Fic. 7. Direction of currents in upper 300 meters and distribution of 
salinity at 300 meters in the southern Norwegian Sea (Helland-Hansen and 
Nansen, 1909). 


meters for comparing the biological and hydrographical 
conditions. Damas’ chart shows the species some time 
after the vertical migration; accordingly they have al- 
ready been exposed to the effect of the swifter surface 
currents. The narrower areas where they have previ- 
ously been stationary accordingly have to be found in 
places which the surface currents have already passed. It 
is striking how we, by regarding Helland-Hansen’s and 
Nansen’s stationary areas as winter areas for the species 
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in question, especially as regards the best studied species 
Calanus finmarchicus, can recognize the main features 
from Lofoten. The species has been carried away just 
in the direction of the surface currents. In the Shetland- 
Faeroe ridge, through which the strongest current runs, 
the species is nearly completely washed away, corre- 
sponding to what we have seen from where the current 
runs into the Lofoten area. Under certain circumstances 
we may in details follow the effect of the surface current 
(see Fig. 9) upon the extension of the spawning area. 
The manifoldness and complexity of these results—each 
of them reached independently—have now become so 
great as to make it extremely improbable that this agree- 
ment between hydrographical and biological data is for- 
tuitous. No doubt, we have here arrived at a more nat- 
ural and more well-formed explanation of these phenom- 
ena than assumed by Damas in his circulation hypothesis. 


GENERAL Discussion 


I 


Most authors, discussing the factors limiting the geo- 
graphical distribution of animals, have regarded tem- 
perature as a factor of dominant influence. This matter 
has recently been the object of a brief account by Brown 
(1929) in this journal, and it should not therefore be 
necessary to go further into this question here; only a 
few additional remarks will have to be made. 

Regarding marine and limnetic plankton animals and 
bottom animals with pelagic larvae, many other ecologi- 
eal factors than temperature, especially the light, have, 
according to the many papers on this subject, an impor- 
tant influence upon physiological processes of animals, 
and certainly therefore ought to have been given a wider 
space in discussions dealing with the geographical dis- 
tribution. 

Of great importance for the understanding of the 
effect of temperature on the distribution are the sugges- 
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tions made by Hofsten (1915) as regards marine bottom 
animals, recently strongly supported by the experiments 
carried out by Runnstrgém (1925, 1927 and 1930). The 
chief line in the theory of Hofsten is that the tempera- 
ture limits for the younger stages and the reproduction 
process are much narrower than the temperature limits 
at which it is possible for older specimens to live. Runn- 
strém has found that the cleavage process of the eggs 
and the gastrulation can only take place within a limited 
part of the temperature scale. At temperatures outside 
this interval these processes show pathological features. 

The temperature interval which Runnstrgm found for 
the normal development of different species could, like 
the temperature reactions described by Brown, be ar- 
ranged in certain groups characterized by lower or 
higher limits. These groups were found to correspond 
to the different distributional types, arctic boreal 
(-1°-11°), boreal (4°-16°) and Mediterranean boreal 
(8°-23°). 

Usually Runnstrgm, for the same species, found the 
same reactions to temperatures at different localities 
(Norwegian coast, Mediterranean), Brown having ar- 
rived at the same conclusions by comparing his own 
observations from the United States to those of Weis- 
mann from Germany. In other cases, Runnstrgm found 
a discontinuous splitter (e.g., Mytilus edulis) of the 
species, followed by difference in spawning time and 
horizontal distribution, very much like the difference 
mentioned by Brown between ‘‘clone 984’’ and the nor- 
mal Daphnia pulex. Accordingly, we can not always 
regard the morphologically determined species as being 
physiological units in the geography of animals. 


II 


In an ocean without any convection current, but with 
the other ecological factors unchanged, we should surely 
find the planktonic species arranged in circumpolar belts 
closely following the limits of temperature and light con- 
ditions. 
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What are now the effects of convection currents? 

The Gulf Stream, from which most of the waters of the 
Norwegian Sea originate, has in the Mexican Gulf and 
neighboring areas in the upper 100 meters a temperature 
of between 22° and 28°. When entering the Norwegian 
Sea its temperature is usually about 9°. Chiefly accord- 
ing to the space of time after its entrance in this area it 
will further get temperatures between 9° and -2°. Alto- 
gether the Gulf Stream thus includes more of the tem- 
perature scale than found by Runnstrgm for the normal 
development of animals from three different regions. In 
addition to the change in temperature also other ecologi- 
eal factors, like light conditions, light reactions of the 
animals and nutritive substances, are changed. 

The pelagic life of the Gulf Stream is in its origin 
tropical. The many papers on the distribution of the dif- 
ferent species in the Atlantic show us that it is but very 
few of the Atlantic species that really, together with the 
water masses, enter the Norwegian Sea and succeed in 
reproducing there (Hjort and Ruud, 1929, pp. 86). The 
copepod Rhincalanus nasutus represents, for instance, a 
typical Atlantic species; its limits of distribution into the 
Norwegian Sea were determined by international investi- 
gations 1902-08 (Farran, 1910), only in years with extra- 
ordinary strong supply of warm water (Sgmme, 1929) 
some few specimens are brought further north (Figs. 8 
and 9). 

It here appears to be a typical phenomenon due to 
changes in the environment along a convection current 
which is demonstrated, a phenomenon certainly well 
known to marine biologists. It might possibly be due to 
mortality along the current, but as we do not know how 
much may be due to sinking of organisms, deficiency 
should be preferred as a more adequate name. 

The salinities along the Gulf Stream do not show 
a great deal of variation. This is, however, the case for 
other convection currents; for instance, the current sys- 
tem of the Baltic and the eastern part of the North Sea. 
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According to Ekman (1914), the copepod Limnocalanus 
grimaldu (de Guerne) appears to be stationary in the 
- northern and eastern bay of the Baltic, where the waters 
are almost fresh. The species was here (l.c., pp. 496) 
found to be present in 97 per cent. of the hauls made. In 
other parts of the Baltic it was found in 83.3, 71.4, 16.6 
and 9.1 per cent. of the hauls, the percentage of occur- 
rence decreasing with an increase of salinity and the dis- 
tance from the areas where the species was found to be 
stationary. Ekman’s materials thus demonstrate differ- 
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Fic. 8. Distribution of Rhincalanus nasutus towards the Norwegian Sea. 


(After Farran, 1910, and Sgmme, 1929.) 1—Extreme limits, 1902-8. 2— 
Boundary line, 1902-8. 3—Other records of Rhincalanus nasutus. 


ent stages in deficiency of the species in the convection 
current running out of the area. Of great interest is 
further the statement made by Oberg (1906, pp. 63) re- 
garding the oceanic specimen Paracalanus parvus Claus. 
The copepodid and the three later naupliar stages of this 
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species were frequently found in the western part of the 
Baltic, while the three earliest stages were always miss- 
ing. Apparently the species do not succeed in breeding 
in the waters of low salinity. 

While the water masses of a convection current thus 
appear to be characterized by an increasing deficiency of 
certain species, the more still-standing water masses of 
the ocean will contain the species preadapted to the area, 
species which can live and reproduce there. 


Fic. 9. The currents of the Norwegian Sea at 100 meters. (After 
Helland-Hansen and Nansen, 1909.) 


Calanus finmarchicus, this important and characteris- 
tic species of the northern seas, is, according to Farran 
(1920), along the English coast but very scarce outside 
the isohaline cf 35.5 pro mille. Surely this scarce stock, 
however, is stationary in the northeastern Atlantic 
(Nordgard and Lysholm, 1915, and others), the water of 
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the Gulf Stream therefore having already in this place 
obtained an admixture of this species. An increasing 
admixture takes place during and after the entrance of 
the water into the Norwegian Sea (Fig. 9), partly from 
the areas to the west of the current (Damas, 1905) and 
partly from the coastal centers and more still-standing 
water masses on the eastern side. According to Ruud 
(1929), however, the species is poorly represented in the 
axis of the current off the southern Norwegian coast. 
Areas rich in this species are, in the Norwegian Sea, only 
found along the edge of the continental slope, in the coast 
waters, and in widely extended areas on the western side. 
Some of these are the areas described by Damas, others 
are found further to the north (Nordgard, 1902, Gran, 
1902, Damas and Koefoed, 1907, With, 1915, and others). 
The surface waters of some of these localities here men- 
tioned may sometimes be colored red from the abundance 
of this species. 

For the arctic species, Calanus hyperboreus, I have 
recently got a similar picture by examining the very rep- 
resentative samples from the Danish ‘‘Godthab’’ expedi- 
tion in 1928 from the Davis Strait and Baffin’s Bay. The 
water masses entering this extensive arctic area along 
the Greenland coast are exceedingly poor as regards this 
species. In the northwestern Baffin’s Bay, however, 
where more still-standing waters are found, generally 
covered with heavy ice, and therefore not previously 
entered by expeditions, large numbers were discovered. 
The numbers caught here are on average 10,000 times as 
high as in the poorer parts of the area. The current run- 
ning out of this rich area, following the western side, also 
showed great numbers, the catches usually being of simi- 
lar size order. 

Regarding Calanus hyperboreus the very interesting 
investigations by Bigelow (1926) from the Gulf of Maine 
also seem to me to be in striking accordance with these 
observations. It seems to be in the more still-standing 
water masses of the western part of the gulf that this 
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species is stationary during the winter. The current 
entering the area from the eastern side carries this 
species into the area during late summer and autumn. 

No doubt, in these four areas, the Norwegian Sea, 
Baffin’s Bay, the Lofoten area and the Gulf of Maine, as 
regards the species mentioned, we meet with a factor in 
the production of animal plankton hitherto only men- 
tioned by Helland-Hansen and Nansen, namely, the age 
of the water masses in their biological area. The exact 
valuation of this new factor must be reserved for future 
investigations planned and carried out for this purpose. 
A more intensive study of the distribution also in the 
winter is, for instance, wanted. Certainly the possible 
relation between the current system and the production 
from different areas may be fairly well demonstrated in 
species like Calanus finmarchicus and Calanus hyper- 
boreus, where reproduction takes place comparatively 
slowly, Calanus finmarchicus having two, possibly under 
certain circumstances three, spawning periods a year, 
Calanus hyperboreus having but one very short breeding 
season and a number of eggs seldom exceeding 400 in 
each female. It will take many years for these species, 
in areas where they are scarce, to establish numbers like 
those which are actually found within the rich areas. 
Large numbers of these species therefore can thus not be 
produced in a short time, unless there is a great station- 
ary stock during the winter before reproduction takes 
place. 

Whether other species of planktonic organisms will 
follow the same rule can not be discussed at present. 
Judging from the many papers on the distribution of 
holoplanktonic species, however, and from the instances 
here treated, it seems to me that the two oceanographers 
Helland-Hansen and Nansen, whose work in many direc- 
tions has been of fundamental importance to our present 
knowledge of the physics of the sea, in their short chap- 
ter on the biological consequences of their discoveries, 
which have been practically buried for 20 years, have 
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also pointed out main lines for a future biological re- 
search of the oceans. 


SUMMARY 

(1) The distribution of the two species Calanus fin- 
marchicus and Calanus hyperboreus and the frequency 
of the species in different areas of the Norwegian coast 
waters during spring, has been found to depend upon the 
size of the winter stock in the deep waters of the fjords, 
and upon the currents carrying the individuals away 
from the winter areas after the yearly vertical migration 
of the species. 

(2) In the open oceans the more still-standing water 
masses, as first advanced by Helland-Hansen and Nansen 
(1909), appear to contain the stationary stock of plank- 
ton animals. From these waters the greater masses in 
the surrounding areas are renewed every spring. The 
water masses of the convection currents have been found 
to be characterized by an increasing deficiency of the 


species along their course, due to changes in ecological 
factors. 
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ABOUT NOMENCLATURE 


CHARLES ROBERTSON 
CARLINVILLE, ILLINOIS 


Brouocicau nomenclature is neither a science nor an art 
based on science. Like revelation, it is a prolific source 
of controversy. About all that has been done is to make 
rules that resemble creeds and attempt to enforce them 
by ecclesiastical methods. And it is not binomial but 
synonymical and is likely to become more so. Binomial 
relates to a given list or an edition of some work. 

I have changed generic names used in 26 earlier papers 
as follows: Lower Hymenoptera 50, Diptera 33, Lepidop- 
tera 39 and flowers 16. The most confusing changes are 
such as Ammophila to Sphex and Sphex to Ammophila, 
Myzine to Elis and Elis to Campsomeris, Nuphar to 
Nymphaea and Nymphaea to Castalia. 

Name-makers are like the native bees. It is quite 
interesting to observe their habits, but quite absurd to 
undertake to change them. It took about 40 years for 
one of them to find this out. 

Conditions of changing names: These are priority, 
erroneous determinations, describing sexes as distinct 
species, nomina conservanda, dividing genera, uniting 
genera, revising caconyms, restoring caconyms, naming 
families for typical genera, changing rank of families, 
subfamilies and superfamilies, changing groups for uni- 
formity of endings. Any one desiring to change names 
has these for excuses. 

Psychology of nomenclators: They show a predilection 
for making and changing names. It is quite probable 
that a time when names are changed for a given excuse 
will be followed by a time when they will be changed for 
a different excuse. The lumpers and splitters alternate. 
The nomenclator desires stability, but he wants to put it 
off until he gets through making changes. One of the 
most remarkable things about some authors is their 
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mania for making names and their ignorance of the 
things to which they assign them. 

Erroneous determinations: Some authors make a lot 
of erroneous determinations, so that names used a while 
have to be changed. Townsend distinguished many 
species of Tachinidae. He was followed by a set which 
suppressed his names as synonyms. A third set restored 
his names. 

Artificial species: Ignoring the fact, and the importance 
of the fact, that bees have two sexes, these are often 
described as distinct species by persons who have never 
seen a respectable local collection, so that half the names 
must be suppressed when some one who knows the insects 
comes along. In a recent paper only 4.8 per cent. of the 
so-called species of Andrenidae were described from both 
sexes. It is hard to understand how any one could be 
green enough to describe male and female bumblebees as 
distinct species, but they are sometimes referred to dif- 
ferent genera. Those who describe the sexes of bees as 
distinct species suppress proposed genera because their 
ignorance makes it necessary for them to use large 
genera. The males often show that there are several 
distinct groups, but the females are so much alike that 
these makers of artificial species have to refer all the 
females to one genus and so throw the males in with 
them. Then they prate of artificial genera. The cata- 
logues list sexes as species 35 years after I have shown 
that they belong together. My Andrena platyparia, with 
both sexes, has been cited as a synonym of A. fragilis, 
which is not the name of a species but a sex name for the 
male of A. integra. 

Beginners mix things: The commonest mistake is mix- 
ing species of insects under the same name. The species- 
maker can not be relied upon to assemble several speci- 
mens of the same species, so that a specimen is selected 
as the type. The descriptions frequently are not real 
contributions to science, not publications in any true 
sense. One does not use them to identify species but 
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goes to some museum to find out what the author de- 
scribed. The species is taken out of the literature and 
out of the field and localized in some collection. The 
interests of the museum are made to outweigh those of 
the science. And it is assumed that one who is not com- 
petent to interpret the description is competent to com- 
pare the type. It is said that hardly one fourth of 20,000 
American insects can be determined from the descriptions. 
The most incompetent entomologists have their names 
preserved by the types. Except for this questionable 
‘‘service,’’? the British Museum has been the greatest 
stumbling-block in the way of those naming American 
insects. 

Persons who like general terms naturally object to 
‘*Zoological Records’’ or ‘‘ Botanical Abstracts.’’ ‘‘Bio- 
logical Abstracts’’ even is not big enough for them. 
They must mix science with the applications of science, 
stretching biology to include farming and making potato 
flour. University must take in everything from the 
kindergarten to the medical school. With them fever is 
temperature, a revolver is a gun, and doctor includes 
everything from savant to medical or religious faker. 
Professor is ‘‘any old thing.’’ 

When we have people who can not distinguish science 
from superstition, scientific demonstration from miracle, 
mythology from history, research from plagiarism, biol- 
ogy from agriculture, and who think that science and the 
applications of science are the same thing, it is quite 
natural that they should mix genera. 

Pasteur says: ‘‘Few persons comprehend the real 
origin of the marvels of industry and the wealth of 
nations. I need no other proof of this than the employ- 
ment ... of the erroneous expression applied science. 
It is proof of the imperious necessity of reform in our 
superior education. There exists no category of sciences 
to which the name of applied science could be given. We 
have science and the applications of science, which are 
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united to each other as the fruit and the tree on which 
it grew.”’ 

Under science bunglers include applied science and 
Christian science. When they intend to make a distinc- 
tion, they say pure, theoretical or fundamental science. 
I wonder if the psychologists would include all the fakers 
as applied psychologists? Applied science often appears 
to run into pure graft. 

Application of scientific method is slow enough. If it 
is good for anything, it ought to be good for the cure of 
superstition. But the most effective propagators of 
superstition are some persons who have gained reputa- 
tions as authorities in science. So the ‘‘learned pate 
ducks’’ to the superstitious fool. These people seem to 
have science without scientific method. 

Priority: Persons who make names without regard to 
priority are often followed by some who are particular 
about it, so there is a lot of new names. The historically 
correct names, however, may not have the most impor- 
tant relation to the literature. The friends of priority 
will have to use these names whether they like them or 
not. The most effective enemies of priority are the 
authors who fail to cite the names they propose to re- 
place. Their work is adapted only to beginners who have 
never used any names. 

Persons desiring to make new names favor excuses and 
ignore reasons, as in changing Compositae to Carduaceae, 
Labiatae to Lamiaceae, Papilionaceae to Fabaceae, Pom- 
pilidae to Psammocharidae. It is a remarkable fact that 
authors, very strict about priority of specific names, will 
deliberately make plans to change family names which 
are as much entitled to it. And the same persons will 
show up as plagiaristic crooks when the priority of other 
persons’ observations is involved. One editor who does 
not distinguish scientific work from school-teaching says 
that ‘‘matters of priority and personal credit are not our 
primary concern, but rather the advancement of the 
science in which we choose to labor.’? He does not 
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regard personal credit or the history of the subject as of 
importance in securing the advancement of science. 
Some editors protect their plagiaristic contributors. 

To change names proposed by other authors, consider- 
able juggling is resorted to. I named 6 superfamilies 
of bees with the ending oidea. Another author sup- 
pressed these with one hand and appropriated them with 
the other, changing oidea to formes. My Colletoidea, 
with families Prosopididae and Colletidae, was changed 
to Hylaeidae, with subfamilies Hylaeinae and Colletinae. 
My Pygidialia, with two superfamilies and ten families, 
has been suppressed and Andrenidae used instead, the 
families reduced to subfamilies. And that is the first 
time Andrenidae has been used in that sense. 

Subdividing genera: Since Linnaeus, genera of insects 
have been subdivided until the insects of New Jersey 
belong to 3,082 genera, averaging 2.9 species: Hemiptera 
2.4, Coleoptera 2.8, Lepidoptera 2.9, Diptera 3.0, Non- 
aculeata 2.6, Lower aculeata 4.5, bees 7.3. The authors 
did not have to ask general zoologists, amateurs, out- 
siders, the public or the deplorers. The New Jersey 
groups which average more than 2.9 species to the genus 
evidently have been neglected. As regards genera the 
students of bees appear to be the most backward. The 
deplorers lump genera and have their own excuse for 
changing names. 

Subgenera: The history of almost any group will show 
that these are suppressed genera. Those now recognized 
generally were proposed as subgenera. The subgenera 
insisted upon are usually as distinct as the genera recog- 
nized. Some authors affect a gnosis which enables them 
to distinguish them, but they can not tell the difference. 
I have named three genera, Xanthosarus, Chloralictus, 
Trachandrena. Authors recognize the distinctions but 
use circumlocutions: ‘‘The latimanus group of Mega- 
chile,’’ ‘‘Subgenus Chloralictus Robertson,’’ and ‘‘ Trach- 
andrena group.’’ I like one word for a group and let 
others call it a genus or subgenus. 
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The so-called subgenera are suppressed genera in an- 
other sense. They are made but not used. It is strange 
that authors will make these categories when they do not 
intend to use them except by circumlocution or in 
parentheses. Several authors have suppressed some of 
my genera, based on structure, as subgenera and then 
divided them into other subgenera, based on color. A 
group divisible into subgenera I regard as a genus. 

The lumpers are often unable to distinguish genera 
after their differences are pointed out. The best they 
can do is to arrange species in the alphabetical order of 
their names. 

I have asserted that beginners prefer large genera. 
Another author says beginners are especially likely to 
want to divide genera. My claim is that, while they 
would like to do this, they are unable to make the dis- 
tinctions. 

That categories have more value the more they include 
is only an opinion of bunglers. One writer thinks that 
genera ought to be divided into families, an extreme 
cranky view. When he suppresses genera, it is not be- 
cause they are not distinct but because he thinks there 
are too many. 

Some think that subdividing genera increases difficul- 
ties of memory. You can remember the names of fifty 
species belonging to ten genera easier than if they all 
belong to one. Could you remember peoples’ names bet- 
ter, if everybody in town were named Smith? If I call 
every fabric in a store ‘‘cloth,’’ it does not follow that the 
storekeeper does not need other names. 

Some, who are worried about subdividing genera, make 
the genus synonymous with the family, thus having two 
names for the same category. If subdividing genera 
results in one for each species, uniting them results in one 
for each family. 

The most remarkable thing about the lumpers is their 
affectation of superiority. Anybody can mix species of 
insects, but it takes an entomologist to separate them. 
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To mix two species is worse than to make a dozen 
synonyms of one. In the latter case the records can be 
united, but in the former all the records have to be re- 
jected because one can not tell to which they apply. 

Criteria for genera: Many genera are suppressed be- 
cause they contain transitional forms. This form is a 
theological concept correlated with the theory of special 
creation, and used by persons who do not apply the theory 
of evolution. It proves that the genera were not created 
distinct, but it does not show that they should not have 
separate names. If the taxonomist finds 50 forms quite 
distinct from another 50, and one transitional between 
them, he suppresses one of the genera. His classification 
is based upon the exceptional case. And he refrains 
from making genera and hesitates to accept those based 
on a limited fauna, for fear transitional forms will be 
found. 

According to evolution, the members of natural groups 
are specialized states of the same thing. If a universal 
search were made, or the past record restored, the mem- 
bers might be reduced to one species. Consequently, the 
more names you needed, the fewer you would have. 

The structural characters of bees have been commonly 
ignored and they have been described as if they differed 
only in size and color. So the students of bees favor 
genera based on color and are indifferent regarding those 
based on structure. 

When the other insects of New Jersey show an average 
of 2.9 species to the genus, the presumption is pretty well 
established that the bees ought not to show an average of 
7.3 to the genus, and that their generic determinations 
are erroneous, having been in rather incompetent hands. 
A writer who evidently thinks that this presumption is 
of no value says: ‘‘The question, how many genera shouid 
we recognize, remains in a manner insoluble, or neces- 
sarily dependent largely on conventions, which differ at 
different times and in different groups.’’ Conventions 
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are the refuge of unintelligent imitators. This author 
criticizes work in a line which he regards as insoluble. 

Nomina conservanda: To protect the nomenclature 
from what often amounts to the perverse ingenuity of the 
priority sharps, we have nomina conservanda. And they 
make a mess of another kind. Prior names could be pre- 
served in the record without upsetting names which have 
a considerable place in the literature. 

Revising caconyms: We have things like confluenta for 
confluens, Titusi for Titi, Anthidiellum, a Greek diminu- 
tive with a Latin diminutive tail, like ‘‘little kiddie,’’ and 
Brachydiastematotherium. ‘‘Brachy’’ is put in for 
shortening. As an excuse for changing names, revising 
caconyms works both ways. Bembiaz is emended to Bem- 
bex and then juggled back to Bembia. 

Mutation: Many make a great fuss if unfamiliar names 
are used. They want all the owls referred to Strix and 
the hawks to Falco. Not only are old genera divided, but 
it is a poor thing that does not belong to two or three 
genera. Butterflies flit back and forth between two 
genera. The name of the chimpanzee is Pan, or Simia, 
or Troglodytes, or Anthropopithecus or Mimetes, niger. 
The screech owl is Strix, or Scops, or Megascops or Otus, 
asio. The small-mouthed black bass is Bodianus, or Cal- 
liurus, or Centrarchus, or Cichla, or Dioplites, or Etheo- 
stoma, or Grystes, or Lepomis or Micropterus, dolomieu. 
In the last three cases the stability of the common name 
makes the rest appear idiotic. The name of a common 
wasp is Sphezx, or Proterosphex, or Ammobia or Chlorion, 
ichneumoneus. I have used three of these names. A 
bumblebee named by me is Bombias, or Bombus, or 
Bremus, or Auricobombus or Nevadensibombus, aur 
comus. For the thistle, I have changed from Cirsiwm to 
Cnicus, to Carduus, and back to Cirsium. Natural his- 
tory changes to biology, ecology or bionomics and bio- 
kinetics. As fast as you adopt one, it changes to the 
other. So with evolution, speciation, mutation and 
genetics. Evolution refers to the changes in time of the 
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same species, or to the origin of specific characters, 
seldom to the origin of the species themselves. If A uses 
certain names, B will change them, and C will change 
back to A’s names. 

Biological nomenclature a failure: In spite of its uni- 
versality and quasi-linguistic uniformity, the so-called 
binomial nomenclature is a failure as a naming system. 
The identity of the name is destroyed by changing the 
genus. The binomial degenerates into a quadrinomial 
like this: Sphecodes annulatus (Ill.) D.T. The paren- 
thesis is the tin can on the dog’s tail. It signifies that 
you will not find the original generic names in ‘‘IIl.’s’’ 
work, whoever ‘‘Ill.’’ is. In the minds of pedants the 
personal matter of the author’s name takes precedence 
over the taxonomic matter of the generic name which is 
omitted. A trinomial like this would preserve the iden- 
tity of the name: Sphecodes Dichroa annulata Ill. The 
original binomial could be retained and the genus to 
which the species is later referred could be prefixed to it. 


Names of persons could be recorded in nomenclature or 
synonymical lists, but not used in the literature. 
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THE GENETICS SOCIETY OF AMERICA 


PAPERS READ AT THE ATLANTIC CITY MEETING 
PROFESSOR P. W. WHITING, SEcRETARY 


1. The Effects of X-rays on the Chromosomes of Circotettix 
verruculatus (Orthoptera). (15 min.) (Lantern): Epwin R. 
Hetwic, University of Pennsylvania. (Introduced by C. E. Me- 
Clung.) When a simple or reciprocal translocation between non- 
homologous chromosomes has occurred in a spermatogonium the 
attraction of homologous elements at synapsis results in the union 
of chromosomes, which are not wholly homologous, and, conse- 
quently, compound or multiple chromosomes should be present in 
the primary spermatocytes. Multiples of this nature are com- 
monly found in individuals of Circotéttiz verruculatus after they 
have been exposed to x-rays. The multiples are of two types; 
circles or closed rings, and chains or open rings. The circles are 
formed as a result of a reciprocal translocation between non- 
homologous chromosomes. The chains may be formed in several 
different ways, but most frequently they are the result of the 
translocation of a section from one chromosome to a non-homol- 
ogous chromosome. Sometimes they appear to be caused by a 
reciprocal translocation, in which one of the segments has become 
attached in an inverted position, thus making synapsis with its 
homologous section impossible. Other arrangements of the chro- 
matin may be less frequently responsible for the formation of 
chains. In the anaphase of the first maturation division the con- 
figuration of both the circles and chains is usually such that the 
segregation of homologous elements is complete. However, in a 
small number of the cells, the structure is such that segregation 
is only partial. 


2. Chromosome Studies in Stauroderus. (15 min.) (Lantern) : 
H. IrENE Cory, University of Pennsylvania. (Introduced by 
Magnhild M. Torvik.) In Stauroderus scalaris, an Orthopteron 
of the subfamily Truxalinae, there are seventeen separate sper- 
matogonial chromosomes, six V-multiples and eleven univalent 
rods. In the telophase of the last spermatogonial division, each 
of these chromosomes becomes unusually concentrated at the end 
which attached to the fiber (proximal end), and these concentra- 
tions become fused into a rounded mass, the so-called chromo- 
plast (Eisen, 1900). This body, to which the chromosomes re- 
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main attached and from which they appear to run out, persists 
into the early diatene stage of prophase. Before the beginning 
of peritene, however, the chromoplast separates once more into 
its component parts, which are recognizable as the proximal ends 
of the rod- and the proximal portions of the V-chromosomes, and 
which are given the name ‘‘polar granules.’’ They do not dif- 
fuse during prophase, but are identifiable throughout chromo- 
some development. In favorably stained material, the first sper- 
matocyte metaphase multiple shows eight separate spindle fibers, 
one for each chromatid. The accessory is precocious in its be- 
havior and differential in structure at all stages. In first sper- 
matocyte metaphase, it is a non-chromatic vesicle with chromatin 
granules concentrated around the periphery and a deeply chro- 
matic core. The proximal granule persists as a densely stained 
mass at the tapering end of the element. The persistence of cer- 
tain identifiable portions of the chromosomes furnishes a further 
proof of their individuality and constancy of organization, and it 
may serve as a new criterion for interpreting chromosome move- 
ments. 


3. Studies in Anuran Chromosomes. (15 min.) (Lantern) : 
Emin Witscui, State University of Iowa. The chromosomic con- 
stitution of five American species of toads is the same as that 
described by several authors for European and Japanese species 
of the same genus. Haploid sets show 6 large and 5 small chro- 
mosomes. Scapliopus holbrooki and Rana temporaria, probably 
also Hyla crucifer, have 13 chromosomes, while Rana arvalis has 
only 12. Characteristic features of chromosomes of closely re- 
lated forms will be described, and the importance of comparative 
studies in Amphibian chromosomes with respect to the problem 
of the evolution of the sex chromosome mechanism will be em- 
phasized. 


4. Anatomical Differences between Chromosomal Types in 
Datura. (7 min.) (Lantern) : E. W. Smsnott, Columbia Univer- 
sity, New York City, and A. F. BLAKEsLEE, Carnegie Institution, 
Cold Spring Harbor, Long Island, New York. Anatomical dif- 
ferences, particularly in the flower stalk, have been studied in the 
primary and secondary chromosomal types of Datura stramonium 
and in haploid, diploid, triploid and tetraploid plants of this 
species. Specific differences have been found in the size, shape 
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and number of cells in various tissues; in the relative develop- 
ment of epidermis, fundamental tissue, pericycle, internal and 
external phloem, cambial zone and xylem; in the number and 
shape of the vascular bundles; in the size of starch grains, and 
in other respects. In general the condition of the diploid plant 
was found to represent a balance between the various primary 
types, and each primary to be intermediate in its various char- 
acters between its two secondaries. Exceptions in each case were 
observed. Differences between members of the polyploid series 
are due chiefly to differences in cell size, but this was not found 
to occur in all tissues. Similar anatomical differences were found 
in the tissues of root, stem, petiole, capsule stalk and floral organs. 
It is concluded that internal structures are no less affected by 
genic differences than are external ones. 


5. Evidence against the Occurrence of Crossing-over between 
Sister Chromatids. (15 min.) : H. J. Muuuer, University of Texas, 
Austin, Texas, and ALEXANDER WEINSTEIN, Johns Hopkins Uni- 
versity. To test whether unequal crossing-over occurs between 
sister strands in a region far removed from the spindle fiber, 
X-chromosomes containing inversions, including the Bar region, 


were obtained by irradiation (winter, 1928-1929). Inviability 

and infertility rendered these unsuitable; but the scute-8 in- 

version (discovered by Sidoroff, further analyzed by Serebrovsky 

and Levit) has provided the necessary material. Females of the 
se? fu B f w* 


composition 7 have been made up and have so 


B w* 
far yielded 21 offspring containing round or double-Bar chromo- 
somes derived from the mother. All of these were also cross- 
overs between forked and fused; hence interchange was always 
between homologous chromosomes, whereas on a random basis one 
third of the cases should have been crossovers between sister 
strands. These results show that the absence of sister-strand 
crossing over in ordinary Bar races is not due to the proximity 
of the spindle fiber, despite the fact that the spindle fiber is 
known to affect crossing over in its neighborhood (Offermann, 
Stone, Muller, 1931, 1932; Beadle, 1932) ; for the data of Offer- 
mann and Muller show that in the scute-8 inversion Bar is out- 
side the sphere of influence of the spindle fiber. -While the spe- 
cial nature of unequal crossing over does not permit of com- 
pletely unqualified generalization to ordinary crossing over, the 
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results of the present experiment are in agreement with those 
based on mathematical methods (Weinstein, 1928, 1929, 1932) 
which show that if sister strands are completely separated from 
each other before crossing over, interchange between them is 
(except on special assumptions) inconsistent with the observed 
crossover frequencies. 


6. Crossing over in Triploids and in Attached-X Diploids. 
(15 min.): ALEXANDER WEINSTEIN, Johns Hopkins University. 
The formula for multiple-strand crossing over (Weinstein, 1928, 
1929, 1932) when applied to triploids yields (with random recur- 
rence and either with or without sister-strand crossing over) class 
frequencies which are impossible (greater than the total, or nega- 
tive). This shows (in agreement with Muller’s unpublished 
analysis, but contrary to other interpretations) that synapsis in 
a triploid does not involve all three chromosomes equally through- 
out their length. This is further borne out by the non-alteration 
of crossing over when one chromosome in a triploid contains an 
inversion preventing crossing over. In diploids with attached 
X’s, if the frequencies of tetrads are calculated by the multiple- 
strand formula, the types of offspring can be deduced from the 
following considerations. (1) If both attached pairs are hetero- 
zygous at a given level, the next distal crossing over results in 
homozygosis distal to itself only if the interchange is between 
unattached homologous strands. (2) If both attached pairs are 
homozygous at a given level, the next distal crossing over results 
in homozygosis distal to itself only if the interchange is between 
sister strands. The experimental frequencies agree with those 
calculated on the basis of random recurrence without sister- 
strand crossing over. Sister-strand crossing-over would result 
in discrepancies; e.g., the frequency of homozygosis for any re- 
cessive gene could never exceed one sixth. Random recurrence, 
including interference df crossing over between two strands with 
crossing over between two others, can be explained if the halves 
of a split chromosome are not entirely separate until after cross- 
ing over. The absence of crossing over between sister strands 
can also be explained if each split chromosome is at first a string 
of double genes rather than two strings of single genes. 


7. Double Strand Crossing-over in Zea mays. (15 min.) (Lan- 
tern) : Marcus M. Ruoapes, Cornell University. The occurrence 
of double strand crossing-over has been genetically demonstrated 


¥ 


66 THE AMERICAN NATURALIST  [Vou. LXVII 


in Drosophila, Habrobracon and Zea. The demonstration in 
maize was achieved through the use of plants trisomic for the 
pr-v, chromosome. Trisomic plants of Pr V, constitution were 

rr 

pr 
pollinated by disomic double recessive individuals. Among the 
progeny of such crosses there resulted trisomic individuals homo- 
zygous for pr or v, or for both genes. The occurrence of these 
recessive trisomic types is proof that crossing over occurred at a 
stage when each chromosome was divided into two chromatids. 
In a total of approximately 4,900 plants there were 62 trisomic 
plants homozygous for v, and 21 which were homozygous for pr. 
The relative frequencies of trisomic individuals homozygous for 
v, and pr indicates that the locus of v, is approximately three 
times as far from the insertion region as is the locus of pr. The 
genotypic constitution of some of the recessive trisomic types 
suggests that the loci of pr and v, are on opposite sides of the 
insertion region. 


8. Stumpy Mosaic of Habrobracon and their Bearing on Inter- 
action and Reduction. (15 min.) (Lantern): RaymMonp J. Gres 
and P. W. Wuitine, University of Pittsburgh. Stumpy is char- 
acterized by lack of tarsal segments, but some specimens showing 
fluctuation toward wild-type (5 tarsal segments) have one to 
three segments in one or more tarsi. Females heterozygous for 
various traits occasionally produce a mosaic male from binucleate 
egg with post-reduction. Males mosaic for various traits from 
mothers heterozygous for stumpy and for other traits total 119, 
of which 60 are non-mosaic for stumpy (32 with all tarsi wild- 
type, 16 with all tarsi typical stumpy, 12 with tarsi slightly atyp- 
ical stumpy) and 59 are probably mosaic for stumpy, 53 being 
obviously mosaic with some wild-type, some stumpy tarsi, while 
6 have some tarsi stumpy and some with four or five irregular 
segments (modified wild-type?). Approximate equality of mo- 
saics and non-mosaies as regards stumpy among the total number 
of mosaics indicates that in binucleate eggs post-reduction and 
pre-reduction occur with equal frequency. Morphological and 
statistical analysis of the mosaics indicates prevailing tendency 
for right half of body to be genetically different from left and 
for mutual modifying influence between wild-type and stumpy 
tissue. 
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9. Genetic Evidence for Attraction of Dissimilar Chromosomes 
in Tetraploid Species Hybrids of Tomatoes. (12 min.) (Lan- 
tern): E. W. Linpstrom, Iowa State College. From two homo- 
zygous but very different tomato species, tetraploid hybrids were 
produced asexually by the decapitation-callus method. In such 
material two chromosomes in each tetravalent set are identical ge- 
netically and are unlike the two identical chromosomes from the 
other species. Since these chromosomes eventually emerge as 
bivalents at diakinesis, it might be expected that like chromo- 
somes (or like parts of chromosomes in case crossing-over oc- 
curred earlier and permitted formation of bivalents) would pair 
preferentially. Such was not the case in four tested chromosome 
sets as Judged by the F,, and F, progenies from the tetraploid F, 
species hybrid. Moreover, the percentages of recessives cropping 
out were higher than expected on a random assortment of four 
chromosomes. This points to a pairing of unlike chromosomes in 
such a tetraploid, and indicates that something more than the at- 
tractions of similar Mendelian genes in this cross are involved in 
chromosome pairing. The formation of bivalents in these tetra- 
ploids would seem to exclude typical tetraploid crossing over on 
Darlington’s chiasma hypothesis. 


10. Electrostatic Radiation and Genetic Effects. (15 min.): F. 
O. Scumitt, Washington University, St. Louis, and C. P. OLIvER, 
University of Minnesota. Drosophila males, curly, star, dichaete, 
were treated between two electrodes twenty-three mm apart, a 
coil intensity of three amperes, plate of forty-one ma, wave-length 
two hundred meters. <A total frequency of six million cycles per 
second was given for thirty seconds. Matings were such that any 
visible or sex-linked, lethal mutation or translocation involving 
X, II, III could be detected. Only sixty-eight per cent. of the 
treated males recovered sufficiently to mate, and only thirty-five 
per cent. of these were fertile. Controls were eighty-two per 
cent. fertile. The difference is significant. Treated series pro- 
duced an average of six offspring per fertile, treated male. This 
corresponds to a t8 dosage (about 3,000 r) in x-radiation. Should 
the genetic effect be similar, treatment should produce about ten 
per cent. lethal mutations and an equal frequency of transloca- 
tions. Control series produced an average of eighty offspring 
per male parent. Of 2352 F, from treated parents, 1795 were 
fertile and five (possibly seven) lethals occurred; of 1293 con- 
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trols, 1021 were fertile, and three lethals oceurred. In both se- 
ries no visible mutations or translocations occurred. If seven is 
taken as the frequency for the treated, the difference between the 
treated and control series is not significant. The electrostatic 
field intensity decreased fertility equivalent to a strong x-ray 
dosage but did not under the conditions here used increase the 
frequency of mutations or translocations. 


11. On Eversporting as a Function of the Y Chromosome in 
Drosophila melanogaster. (15 min.) (Lantern): J. W. GowEN 
and E. H. Gay, Rockefeller Institute for Medical Research, De- 
partment of Animal and Plant Pathology, Princeton, New Jer- 
sey. Eversporting eye color has appeared in several x-ray in- 
duced mottled eye stocks. Mottled flies, mated to white, ordina- 
rily produce half white and half mottled offspring, but occasion- 
ally we find apparent reversions to normal red eye color. Mated 
to white, these red-eyed individuals produce progeny about one 
half of which are white, one fourth mottled, and one fourth red- 
eyed. Of these three types, mated to white, the white have only 
white progeny, the mottled breed like typical mottled flies, and 
the red breed like their red parents. In other words either mot- 
tled or red flies, mated to white, have white, mottled, and red- 
eyed progeny in quite predictable proportions. By cytological 
and genetic evidence we have proved that mottled and red-eyed 
flies are genotypically identical, except that the red flies carry an 
extra Y chromosome, their sex chromosome constitution being 
XXY in females and XYY in males. Therefore reversion to red 
eye color in a culture of mottled stock occurs as a consequence of 
primary nondisjunction; and continued appearance of red eyes 
in descendants of red-eyed flies occurs as a consequence of secon- 
dary nondisjunction. Cytological study of ovaries of red-eyed 
exceptions reveals the presence of an extra chromosome in each 
division figure. Genetic proof that the extra chromosome is a Y 
is obtained by using a factor, bobbed, whose expression is in- 
hibited by the presence of a Y chromosome. 


12. Mimature-5,a New Unstable Gene in Drosophila virilis. (10 
min.) (Lantern) : M. DEMEREc, Carnegie Institution of Washing- 
ton, Cold Spring Harbor, N. Y. A single miniature male was un- 
expectedly found among 59 offspring of a pair mating. In addi- 
tion to being miniature the male was garnet, rounded and hetero- 
zygous for short vein as expected of flies from that mating. 
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Since miniature, garnet, rounded flies were not present in the 
laboratory the miniature male could not have come accidentally 
into the culture but it belonged to the fraternity in which it was 
found. The miniature character of that male, therefore, origi- 
nated through a mutation from wild-type to miniature which oc- 
curred in the female parent. Genetic tests showed that the new 
miniature (miniature-5.) is an allelomorph of the previously known 
miniatures, and that it is unstable, frequently reverting to the 
wild-type. Two unstable allelomorphs are, therefore, known in 
the miniature locus, viz.: miniature-3 and miniature-5. They 
are phenotypically identical. The possibility of their being iden- 
tical genes is indicated by the fact that in both of them alpha and 
beta forms are found. Gamma form, however, is not yet known 
in miniature-5. The known forms of both genes behave similarly 
toward modifying factors which stimulate the instability. 


13. Gene Number, Kind, and Size in Drosophila. (15 min.) 
(Lantern) : JouN W. GowEN and E. H. Gay, Rockefeller Insti- 
tute for Medical Research, Princeton, New Jersey. Adult males 
of Drosophila melanogaster were exposed to mono-chromatic 
x-rays from copper and chromium for eight different durations 
of exposure. Quantitative data were collected on decline in 
progeny rate, change in sex ratio, recessive lethal sex-linked 
mutations, and visible mutations. The visible mutations obtained 
were compared with previously known mutations to determine 
their possible identity. From analysis of these data we estimate 
a minimum of 14,380 loci which indicates an average size per 
gene of 1x 107° This size is sufficient to contain fifteen 
protein molecules. 


14. Studies on Factor Interaction in Drosophila virtlis. (10 
min.) (Lantern) : G. A. LeBeperr, Carnegie Institution of Wash- 
ington, Cold Spring Harbor, N. Y. The 5th chromosome reces- 
sive gene ruffled (ru) which causes curled bristles and hairs on 
the thorax, as has been shown by the author, becomes incom- 
pletely dominant in crosses in which the second chromosome 
dominant rounded wings (R) gene is present. The change in 
dominance is accompanied by an interaction of the genes, re- 
sulting in a new wing character—roofed. When the ruffled 
gene is homozygous, the effect of both genes is exaggerated: 
bristles and hairs on the thorax are extremely curled, thorax 
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has semi-vortex protrusions, wings are extremely roofed, spread 
and shortened. Further studies show that ruffled gene also in- 
teracts with the 4th chromosome dominant gene—clipped wings 
(Cl). The +/ru Cl/+ flies have slightly ruffled bristles and semi- 
vortex thorax. Cl-ru/ru flies are extremely ruffled and have well- 
developed vortex protrusions. The wings are not affected. When 
rounded and clipped genes are brought together they also in- 
teract with each other. R/+Cl/+ flies are extremely rounded, 
ruffled, roofed, as the ru/ru R~ flies, and have exaggerated vortex 
protrusions as the ru/ru Cl- flies. This mutual interrelationship 
of three genes will make it possible to trace the rédle played by 
each gene in this interaction. 


15. On the Action of Certain Modifying Genes in Mice. (15 
min.) (Lantern): L. C. Dunn and D. R. CHarueEs, Columbia 
University. White-spotted housemice, known to fanciers as pie- 
bald, differ from wild type in a gene s but vary from almost 
solid-colored (self) to solid-white with dark eyes. Inbred lines 
showing no pigment in coat (‘‘all white’’) were isolated by 
selection and crossed with other constant piebald lines showing 


small amounts of white spotting. F., and backcross generations 
showed segregation of several genes with quantitative effects on 
spotting, independent of and not allelomorphie with s (‘‘modi- 
fiers’). Analysis of modifiers was made by crossing ‘‘all-white’’ 
(ss) with several constant self-colored lines (SS). By continued 
back-crossing of such heterozygotes to ‘‘all-white,’’ the light 
‘‘modifiers’’ were accumulated in Ss animals (which showed an 
average of about 40 per cent. dorsal white in the fifth back- 
eross), and then in extracted SS animals which proved to be 
white-spotted (5-25 per cent. dorsal white). This shows that 
the ‘‘modifiers’’ act when the main gene s is not present and are 
thus independent spotting genes acting cumulatively with s; 
and that variations in piebald are probably not due to reverse 
somatic mutations of s to S, since they occur in absence of s. 
Some of the piebald ‘‘modifiers’’ act also on variegated spot- 
ting (WwSS). Finally it is shown that yellow (A*) also 
modifies both piebald and variegated, acting in both cases to 
reduce the amount of white. It is concluded that spotting 
modifiers are non-specific and bring about general quantitative 
changes in the developmental background against which the 
‘‘main” genes act. 


: 
3 
él 
‘ 


No. 708] GENETICS SOCIETY OF AMERICA 71 


16. Two Modes of Developmental Control by Shape Genes. (8 
min.) (Lantern) : E. W. Stnnort, Columbia University. In the 
developing fruit of Cucurbita, from very small floral primordia 
to maturity, length plotted against width (logarithmically for 
each) produces a straight line. The lines for different shape 
types (elongate, sphere, or disk) have essentially the same slope 
but differ markedly in level. In Huxley’s formula y=b2"*, k 
here is much the same for these shape types but b is very differ- 
ent. The relative growth rates for length and width are thus 
the same from the earliest stages, and shape differences are not 
due to differences in relative growth rate but to the very early 
establishment of a developmental relationship which persists. 
Capsicum and Vigna, however, show another type of shape de- 
velopment. Here fruits differing genetically in shape show very 
different slopes of their length-width lines (values of *) and 
these lines converge at the young primordia. Here the shape 
types are quite indistinguishable in the primordia but become 
established through different relative growth rates of the two 
dimensions. Since in both Cucurbita and Capsicum fruit shape 
has been shown to be inherited, it is suggested that the mode of 
operation of shape genes is different in the two groups. In the 
former, these genes control differentiation at a very early stage; 
in the latter they are ineffective at first but operate by controlling 
relative growth rates throughout development. 


17. Multiple Allelomorphs in Salpiglossis. (10 min.) (Lan- 
tern): E. E. Dae, Union College, Schenectady, New York. A 
series of true-breeding, modified flower types has appeared in 
Salpiglossis cultures grown from commercial seed. All types in- 
volve a modification of the corolla. There are four types desig- 
nated (a) appendaged limb, (b) cut, (¢) notched-1, (d) 
notched-2. In crosses with normal, F, is normal and F, shows 
monohybrid segregation. Crosses between any two members of 
the series give an F, more or less intermediate between the 
parents except that notched-1 is dominant to notched-2. Thus 
a Single multiple series is indicated. 


- 18. The Growth Curves of the Length of the Vestigial Wings 
of D. melanogaster. (15 min.) (Lantern): M. H. Harnuy, New 
York University. The growth curves of the vestigial wings of 
D. melanogaster have been determined at four temperatures. 
They were found to be sigmoid curves for the male at 30°, 31°, 
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and 32°C. The growth period extended from the sixtieth to 
the eightieth hour of development as indicated by the curve at 
30°C. The curve commenced rising at the same time at 31° but 
it had a sharper slope and continued to the one hundred and 
twelfth hour of development. The only change at 32°C. was 
a steeper slope, the growth period being the same. The growth 
period and curve for the female was found to be approximately 
the same as that for the male at 30° but at 31° C., after parallel- 
ing the curve for the male from the sixtieth hour of development, 
growth suddenly ceased at the eightieth hour of development. 
In the females reared at 32° C. growth of the wings continued 
beyond the eightieth hour to the one hundred and thirty second 
hour, the curve being linear. The curves over the period exam- 
ined at 33°C. (72-120 hrs.) of both males and females were 
linear and had the same slope as the curve for females raised at 
32° C.; only the intercept varied slightly for the three lines. 
The curves furnish an explanation of the sexual dimorphism 
shown by this mutant at 30°, 31°, and 32°C. The wings of the 
two sexes were equivalent at 33° C. 


19. Mendelian Methods Applied to the Ciliate Protozoan, 
Paramecium aurelia. (15 min.) (Lantern): T. M. SonNnEBorN, 
Johns Hopkins University. Development of a method of in- 
ducing conjugation between individuals of known diverse genetic 
constitutions made possible for the first time in ciliate Protozoa 
a study of cross-breeding and segregation. The individuals of 
clones A and Z, known to differ greatly in fission rate and size, 
were crossed. The two hybrids descended from each pair of 
eross-conjugants at first differed markedly in fission rate and 
size, but less so than did their parents. Later, these differences 
between the two hybrids of each pair largely disappeared. 
However, different pairs of hybrids attained different definitive 
characters, e.g., both members of one pair resembled clone A; 
both members of another pair resembled clone Z; both members 
of another pair were intermediate. An F2 generation, obtained 
by inducing self-fertilization in one of the F1 hybrids, yielded 
segregation of both parental types and of intermediates. Such 
segregation did not occur in the control group obtained by in- 
ducing self-fertilization in the parent clone. F3 generations, 
obtained by selfing different F2 clones, indicated that some of the 
F2 segregates were still ‘‘heterozygous,’’ others ‘‘homozygous’”’ 
for the clonal characters. 


72 | 
(a 

& 

x 


No. 708] GENETICS SOCIETY OF AMERICA 73 


20. Long-continued Parthenogenesis and the Accumulation of 
Recessive Mutations in Cladocera. (15 min.) (Lantern): A. M. 
Banta and THELMA R. Woop, Brown University and Carnegie 
Institution. In diploid parthenogenesis all the descendants of 
an individual should be genetically identical except as mutations 
occur. Prevailing uniformity of the numbers of a cladoceran 
clone is in accord with this conception. A few morphological 
mutations have appeared in Daphnia longispina during partheno- 
genesis. In breeding experiments with sexual reproduction (by 
which three of these mutations have been shown to be dominant 
single-factor characters, though influenced by modifying factors) 
an unanticipated finding has appeared—evidence that during 
parthenogenesis recessive lethal or sub-lethal mutations occur, 
accumulate in latent condition with continued parthenogenesis, 
and become evident only in the results of inbreeding in bi- 
parental reproduction. Clones of Daphnia longispina inbred 
early in their parthenogenetic history produce sexual eggs which 
hatch relatively well and the hatched individuals (while not 
identical in their physiological characteristics) are generally 
vigorous vegetatively and in parthenogenetic reproduction. On 
the other hand the same clone, when inbred after a more pro- 
longed period of parthenogenesis (even though it shows no 
change in the characteristics of its parthenogenetic young) shows 
reduced hatchability of the sexual eggs, and the sexually-pro- 
duced young include many non-viable, viable but sterile (produce 
no parthenogenetic young), slightly fertile, and fully fertile 
individuals, which, if capable of parthenogenetic reproduction, 
give rise to individual clones like themselves. When, however, a 
clone long-parthenogenetie is cross-bred to an unrelated clone, 
the sexually produced offspring fail to show the phenomena just 
mentioned. The results are held to indicate the occurrence of 
and accumulation of recessive sub-lethal mutations during con- 
tinued parthenogenesis. 


21. Genetic Factors in Relation to the Etiology of Malignant 
Tumors. (15 min.) (Lantern): M. R. Curtis, W. F. DuNNING, 
F. D. Butuock, Institute of Cancer Research, Columbia Uni- 
versity. Marked strain and family differences were observed in 
the occurrence of malignant liver tumors (sarcomata) arising in 
the walls of cysts of Cestode larvae (Cysticercus fasciolaris) 
when domestic rats from several independent sources, and sev- 
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eral generations of their pedigreed descendents were experi- 
mentally infested with the parasite. In spite of these differences 
‘‘non-ecancerous’’ infested descendants of a ‘‘cancer pair’’ fre- 
quently survived by a wide margin the minimum duration of 
infestation observed in the tumor bearers, and individuals which 
developed tumors arose from crosses involving a ‘‘cancerous’’ and 
an infested ‘‘non-cancerous’’ parent of a ‘‘non-cancerous”’ family 
indicating that susceptibility is not a single factor Mendelian 
recessive or that the individuals were insufficiently tested. 
Families which had few or no tumor bearers among the rats 
which survived the minimum infestation period showed also 
the highest percentage of early recoveries from the Cysticercus 
disease. A negative correlation was observed in the tumor 
bearers between the duration of infestation and the number of 
the parasites in the liver. Also the percentage of tumor bearers 
increased directly with the number of parasitic cysts. Further 
longevity may raise the proportions of tumor bearers in a strain 
of low susceptibility to Cysticercus disease to equal that of 
shorter lived strains of higher susceptibility. These and other 
facts shown by a study of the morphology and biology of these 
tumors indicate that the genetic factors concerned govern the 
susceptibility to the Cysticereus disease and that the malignant 
complication may arise by a process analogous to somatic muta- 
tion. 


22. On the Genetic Basis of Constitution as it Affects Disease 
Resistance. (15 min.) (Lantern) : JoHN W. GowEN and RALPH 
G. Scuort, Rockefeller Institute for Medical Research, Prince- 
ton, New Jersey. Genetic constitution for disease resistance 
could conceivably be a single character which enabled the organ- 
ism to resist a multiplicity of environmental agents or a com- 
posite of many independent characters each of which is capable 
of causing the individual to resist one environmental agent. 
Study of the survival rates of our strains of mice to a neurotropic 
virus, pseudo-rabies, shows that the S line has a survival rate of 
only 8.4 per cent. whereas the sil line rate is 52.2 per cent., 
the F, rate is 23.7 per cent. Previous study of these lines by 
Schott for survival to Salmonella aertrycke showed rates of 
75.3 per cent. for the S line, 0.0 for the sil line and 62.6 for the 
F,. The genetic complex which was favorable to survival in one 
strain favors susceptibility in the other. Selection of resistance 
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to one agent within this population leads directly to suscepti- 
bility to another. The data suggest that genetic constitution is a 
composite made up of distinct characters some of which favor 
resistance to one environmental agent, others another. 


23. Linkage Studies in Maize. (15 min.) (Lantern) : WmLIAM 
H. Eyster, Bucknell University, Lewisburg, Pa. (A) New 
genes in chromosome IX. The loci in the chromosome and the 
somatie expression of genes for auricle stripe,, aurea,, aurea,, 
dilute aleurone, vivipary,, crinkly leaves,, golden plant,, pale 
green seedling;x, and small kernel;x are given. (B) New genes 
in chromosome V. The loci and the somatic expression of genes 
for brown midrib,, tinged plant, oil yellow chlorophyll, dwarfy, 
vivipary,, male steriley, stiff leaves, pale green seedlingsy, 
luteusy, auricle stripey, and lemon endosperm are given. 


24. Linkage Relations between Dominant White Endosperm and 
Glossy Seedling, gl,, in Maize. (15 min.): H. K. Hayes, Cor- 
nell University. The dominant white endosperm used in these 
crosses proved to be homozygous WhWh YY. In crosses with 
colorless endosperm, yy gl,gl,, the immediate result was a creamy 
or pale yellow endosperm color. F,, segregated for dominant 
white, recessive white and yellow, although the classes could not 
be differentiated by inspection in all cases. There was an indica- 
tion of a possible linkage in the repulsion phase between Wh and 
gl, In studies of linkage relations between dominant white with 
a mutant gene the crossover gametes can be determined from 
crosses of the F, with a yellow endosperm strain homozygous for 
the mutant factor. To test the relation of Wh and gl, and F, 
(WhWh YY GI1,Gl,x whwh yy gl,gl,) was crossed with YY 
gl,gl,. All ears of the backcross indicated a similar relation and 
the data have been combined. From a total of 1359 seedlings 
there were 525 new combinations or a C. O. percentage of 
38.6 + 0.9. 


25. Sex-Linked Factors in Crosses between Varieties, Species 
and Genera of Mexican Fishes. (15 min.) (Lantern) : Myron 
Gorpon, Cornell University. There are three sex-linked factors 
in the common platyfish (Platypoecilus maculatus): Sp, large 
spots; N, (nigra) black band; R, red body. Bellamy refers 
these to an allelomorphic series while Fraser and Gordon postu- 
late close linkage. New data support the latter interpretation. 
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Females (WZ) have been built up containing all three dominant 
sex-linked factors: Sp and R in the W chromosome, N in the Z 
chromosome. In back-crosses to triple recessive males, nearly all 
the daughters are Spotted and Red while the sons are N, black 
banded. A few cross-overs have occurred which indicates fre- 
quency of crossing over between W and Z chromosomes about one 
per cent. No abnormal conditions of pigmentation or sex inter- 
grades were detected. P. maculatus containing Sp and R in W 
chromosomes crossed with P. couchianus give melanotic daugh- 
ters; sons are like father (intermediate for size). P. maculatus 
containing Sp and R in Z chromosomes crossed with P. couchianus 
gives melanotic sons; daughters are like father. P. maculatus 
containing Sp and R in W chromosomes crossed with P. xiph- 
idium and also with P. variatus give melanotie daughters; sons 
are like the fathers (size appropriate to the cross). P. maculatus 
containing Sp alone in W and Z chromosomes crossed with XYipho- 
phorus hellerti produce both daughters and sons with melanotie 
neoplastic overgrowths of a greater intensity than when Sp is 
present with R. There is no evidence as yet for intersexes. Sex 
chromosomes apparently dominate sex determining influences in 
this group. 


26. Oxygen Consumption of Different Genetic Types of Gold- 
fish. (10 min.) (Lantern): H. B. Goopricu, C. B. Crampton, 
D. A. Wiuson, Wesleyan University, Middletown, Conn. Mea- 
surements have been made of the rate of oxygen consumption 
of different types of goldfish. The selection of fish was based on 
the genetic analyses made by Chen ’28 and Berndt (28) which 
indicated that the common shubunkin or ecalicoe fish (TT’) is the 
hybrid between the ordinary goldfish TT and the transparent 
shubunkin T’T’. The results show that the oxygen consumption 
of the hybrid is significantly lower than that of either homo- 
zygous parental type. If the oxygen consumption of the goldfish 
TT is taken as unity, that of the transparent shubunkin T’T’ is 
96.2 per cent. and the hybrid or TT’ is only 59.1 per cent. of that 
of the goldfish. These ratios are based on determinations so far 
made in weight class of from 6 grams to 20 grams. The oxygen 
consumption of smaller and younger fish is relatively higher but 
a similar ratio is maintained. Determinations were made by 
the Rideal Stewart modification of the Winkler method. 
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27. Hereditary Skeletal Variation in the Rabbit. (10 min.) 
(Lantern) : P. B. Sawin, Brown University, and Bussey Institu- 
tion. The rabbit is normally considered to have twelve pairs of 
ribs. Specimens recently dissected by the class in comparative 
anatomy at Brown University show an abnormal thirteenth pair. 
The pedigree of these animals traces to a race being bred at the 
Bussey Institution. Some idea of the frequency and genetic 
distribution of this variation has been obtained by dissection and 
x-ray of more than 1,000 animals belonging to six unrelated 
races. It occurs in four of these races and has been traced in 
one case through four generations. The extent of the abnormal- 
ity varies from a rudimentary thirteenth rib on one side only, 
to fully developed extra ribs. It may or may not include an 
extra vertebra inserted between the cervical vertebra and the 
sacrum. The number of caudal vertebrae is also variable but 
this is not correlated with the presacral variation. In two lines 
(E and M), both descended from the same male ancestor (116), 
regular Mendelian segregation of extra ribs is apparent. Abnor- 
mal individuals mated inter se have produced 49 abnormal and 
17 normal offspring. Abnormals mated to normals have pro- 
duced 108 abnormal and 100 normal young. Extracted normals 
breed true. The inheritance of this variation in lines D and N, 
both of which also originate from male 116, is irregular. Both 
inbred abnormal and back-cross matings show a much higher 
incidence of normal offspring, probably due to the presence of 
modifying factors. 


28. Natural Polymorphism in Related Species of Mexican 
Fishes: Myron Gorpon, Cornell University. As a result of two 
ichthyological expeditions into Mexico (1930, 1932), an analysis 
of natural polymorphism has been made for all species of 
Xiphophorus and Platypoecilus (Tribe Xiphophorini). Most 
variable is P. maculatus (Rio Papaloapan System) which has 40 
phenotypes in 169 specimens studied. Previous genetic work 
indicates five genotypes with the probability that five more are to 
be considered. P. variatus (Rio Panuco System) has ten pheno- 
types, each of which is represented in P. maculatus, but with 
slight morphological differences. P. xiphidium (Rio Sota la 
Marina System) has eight phenotypes, each of which is repre- 
sented in other species but again with modifications. P. couchi- 
anus (Rio Grande System) has but two phenotypes out of 500 
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examined. X. hellerii has three subspecies: hellerii (Rio San 
Francisco), strigatus (Rio Papaloapan), giintheri (Rio Coatza- 
coaleos). Taken together there are four phenotypes, each of 
which bears morphologic relationship to those in Platypoecilus. 
X. montezumae (Rio Panuco System) has two phenotypes. 

Living specimens have been transported to Ithaca, N. Y., for 
genetic analysis. All the species (except X. montezumae) have 
already bred under aquarium conditions and the patterns are 
constant. Hybridization is possible specifically and generically. 
Charts will be exhibited showing polymorphism for all, together 
with a map of northeastern Mexico showing their geographic 
distribution. Genetic interpretation is submitted for the poly- 
morphism displayed. 


29. The Time Curve of Facet-Determination in Ultra-Bar 
Females of Drosophila: A. H. Hersu, Western Reserve Univer- 
sity. In the bar series of Drosophila, flies emerging from larvae 
transferred from one temperature to another before the onset of 
the determination period have the facet number characteristic 
for the temperature to which they are transferred. If the trans- 
fer is made after the end of the determination period, the facet 
number is then characteristic for the temperature from which 
they are transferred. If the transfer is made during the effec- 
tive period some intermediate number of facets results. By a 
dissection of the data obtained by Driver on the effective period 
(1931, Jour. Exp. Zool., 59: 1-28) it has been found that a sig- 
moid curve of the autocatalytic type fits the data on ultra-bar 
females. In differential form  - kx (A-x) in which z is the 
number of facets at any time (t), A is the maximum number of 
facets produced by the average individual, and k is the specific 
velocity-constant. The values of k follow: 15°, 0.0013; 17°, 
0.0024 ; 20°, 0.0033 ; 22°, 0.0074; 25°, 0.0083; 27°, 0.0127. k in 
its relation to temperature apparently does not conform to the 
well-known Arrhenius equation. If the sigmoid curve repre- 
sents a true first approximation, then differences between mem- 
bers of the bar series in regard to the process of facet-determina- 
tion do not represent merely a termination of the process at 
some greater or lesser distance from a common upper asymptote, 
but that the termination of the process in each case is approached 
asymptotically, similar to growth processes in general. 
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30. Meiosis in Aphids: E. C. Jerrrey, Harvard University. 
The author has investigated a large number of aphids during the 
past five years and has found that the general conclusions reached 
by Morgan are not justified by the facts. In Aphis salicicola, 
for example, there are eight somatic chromosomes and four re- 
productive. The primary spermatocyte divides into two equal 
halves, each of which takes four chromosomes. There is no 
abortion of the secondary spermatocytes. These in turn again 
divide into two equal halves with four chromosomes. Aphis 
populifoliae is a common form on the gray birch of New England. 
Here the somatic chromosomes are sixteen in number and the 
reproductive are eight. The primary spermatocyte divides, giv- 
ing rise to two secondaries, each of which contains eight chromo- 
somes. The secondary spermatocytes also divide equally with 
eight chromosomes. It should be noted that in these cases and 
in others there are lagging chromosomes precisely as in the other 
aphids described here and abroad. The lagging chromosomes 
would seem to indicate the existence of hybridism. Competent 
investigators on the botanical side have assumed hybridism as 
the universal cause of parthenogenesis in the higher plants and 
that would seem to be the natural explanation of parthenogenesis 
in the Aphids. The Morgan hypothesis that the abortion of one 
of the secondary spermatocytes, resulting in the formation of 
only female producing sperms, accordingly appears to fall to the 
ground because in the form investigated by him the abortion of 
spermatocytes was merely an indication of hybrid sterility and 
has no bearing on the question of the production of the partheno- 
genetic females, as is clearly shown by the cases cited in the 
beginning of this abstract where parthenogenetic females make 
their appearance without any abortion whatever of sperms. 


31. Chromosome Rings and Strings and their Significance: 
E. C. Jerrrey, Harvard University. Chromosome rings have 
been shown to be present in a wide range of plants in recent 
years and there is growing evidence that they have some relation 
to previous interspecific crossing. Outstanding cases are pre- 
sented by Oenothera and certain of the Tradescantiae. The 
general interpretation has been that the rings of chromosomes 
or strings of chromosomes are sequences of univalents. An in- 
vestigation of forms more favorable for cytological purposes than 
are the Oenotheras has shown that the univalent conception of 
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the rings and strings of chromosomes can not be accepted. In 
Tradescantia virginiana, for example, which is particularly fa- 
vorable on account of the large size of its chromosomes, the syn- 
aptic mates are regularly formed as in such classic types as 
Allium cepa and Vicia faba. There is no question whatever of 
univalent chromosomes in this species. Nevertheless it has rings 
or strings of chromosomes precisely as in Oenothera and other 
well-known cases. It follows that the genetical conclusions 
drawn from the presence of rings of chromosomes or strings of 
chromosomes are without sound cytological basis. 


32. Inheritance of Melanism in the Grasshopper, Melanoplus 
differentialis: Ropert L. Kine, State University of Iowa. A 
melanie form of Melanoplus differentialis is rather infrequently 
found in collections of that species. Breeding experiments show 
this black form to differ from the usual greenish one by the 
homozygous presence of a single recessive factor which is not sex- 
linked. 


33. Genetic Analysis of Parthenogenesis in Nabours’ Grouse 
Locusts: Ropert L. Kine and ELeEANor H. Suirer, State Univer- 
sity of Iowa. If diploid parthenogenesis in the grouse locusts 
is the result of the suppression of the second maturation division 
a genetic analysis of synapsis and maturation may be made. The 
eggs of females, heterozygous for two linked genes and reproduc- 
ing by parthenogenesis, should be divisible, theoretically, into 
five groups in so far as the association of the two homologous 
chromosomes left in the egg is concerned :—complementary non- 
crossovers, identical non-crossovers, crossover and non-crossover, 
complementary crossovers, and identical crossovers. The absence 
of all groups involving crossovers except that of identical cross- 
overs in Nabours’ data would show that (1) crossing-over occurs 
either in the two strand stage or between both strands of one 
homologue and both of the other, and (2) the first maturation 
division is completely segregational. The grouse locusts, then, 
exhibit quite different conditions from those in Drosophila and 
Habrobracon, where crossing-over takes place only between two 
of the four strands and the first maturation division is at times 
segregational and at others equational. The alternative hypoth- 
esis to that of the suppression of the second maturation division 
is that both maturation divisions occur and the partheno-pro- 
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duced embryos start as haploid but later change to diploid as 
shown by Slifer and King for certain other grasshoppers. This 
would give an adequate explanation of Nabours’ breeding experi- 
ments and of Robertson’s cytological observations without fore- 
ing the adoption of the above two subsidiary hypotheses. 


34. Genetic Changes in Mice Induced by X-rays: G. D. SNELL, 
University of Texas. An experiment to determine the effect of 
x-rays on the hereditary constitution of mice has shown that a 
high incidence of genetic change is induced. Alterations of the 
genetic constitution provisionally interpreted as translocations 
are present in more than one fourth of the F, mice. Males of 
the x-rayed generation came from one inbred stock (stock A), 
females from another inbred stock (stock B). Only males were 
rayed, the dose used ranging from 400 to 1200 r-units. To 
insure an efficient control, each stock A male was mated once 
before raying to produce an F, control litter and one or more 
times after raying to produce the F, test litter or litters. The 
F, individuals were back-crossed to stock B to furnish the BC 
generation. It was found that many of the BC litters in the 
rayed group were abnormally small, containing less than 5 
young. The same F, individuals that threw small BC litters on 
the first mating usually threw them consistently if further mat- 
ings were made. The result was a bimodal distribution of litter 
size, with one mode at 9 young per litter and another at 4 young 
per litter. Of 110 F, individuals in the x-rayed group, 29 pro- 
duced litters that averaged 4 or less young. The control group 
was unimodal. Not one of the 98 F, control individuals pro- 
duced litters that averaged less than 4.5 young. An embryo- 
logical study has shown that the small BC litters are due to the 
degeneration of a part of the embryos, usually at or shortly 
after implantation. 


35. White Spotting in Peromyscus maniculatus: R. R. Huestis 
and EuizasetH Barto, University of Oregon. Specimens of 
Peromyscus may exhibit a patch of white hairs in certain char- 
acteristic positions, viz.: (1) On the nose or forehead (star), 
ranging in size from a few white hairs to a patch running well 
back between the ears. Small stars are not uncommon in wild 
specimens. (2) On the normally black tail stripe, situated either 
terminally or subterminally, and extending from a few milli- 
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meters to several centimeters along the tail. (3) On the ventral 
surface. This patch of hairs, white to the base, may cover as 
much as half of the ventral surface, and is frequently associated 
with (2) above. It is less commonly found with star but appears 
with it more often than would be expected from chance associa- 
tion. Star behaves like a Mendelian recessive in all matings but 
those in which both parents are starred. In litters from these 
latter, young are obtained without stars, or with larger stars 
than those of their parents. Data upon the inheritance of a 
white tail stripe indicate that both dominant and recessive genes 
are involved. Ventral spot also has a complex type of inheri- 
tance. The common association of a ventral spot with a white 
tail stripe, or a star, may be due either to linkage or to a dual 
effect of certain of the involved genes. A new coat color, else- 
where reported as a yellow, but probably more comparable with 
brown agouti Mus, appeared as a segregant during this investi- 
gation. 


36. Linkage Groups in the Tomato: J. W. MacArtuur, Uni- 
versity of Toronto. The tomato has 12 pairs of chromosomes, 
very equal in size and all relatively short, making great map 
lengths improbable. The number of genes definitely placed in 
groups or studied in all dihybrid combinations is 18, including 
three new ones: purple stem which turns green (a,), wilty leaf 
(wt), and dwarf accentuator (d,). The first 15 genes have 
already been placed in seven groups, and the last 3 appear from 
the tests to be independent of all these and of each other. There 
are thus 10 separate groups or markers, which may eventually 
be merged in part but are tentatively allocated to chromosomes 
as follows: I. d-p—o—s. II. r. III. y—br. IV. c-sp. V. 
f—a—lf. VI. 1. VII. h—w. VIII. a,. IX. wt. X. d,. 


37. A Tri-generic Hybrid of Zea, Tripsacum, and Euchlaena: 
P. C. Mancexsporr, Texas Agricultural Experiment Station, and 
R. G. Reeves, A. and M. College of Texas. The hybrid of Zea x 
Tripsacum produces a small percentage of functional female 
gametes, all of which have the somatic number of chromosomes. 
This hybrid, when pollinated with Euchlaena, a third genus, ex- 
hibits a fertility of about six per cent. The triple hybrid result- 
ing from this cross possesses 38 chromosomes comprising, pre- 
sumably, one genom of 10 from Zea; one genom of 18 from 
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Tripsacum, and one genom of 10 from Euchlaena, thus combining 
in one plant all the germ plasm of three distinct genera. Various 
characters of each of the three parents are expressed in the 
hybrid, though, in general, it shows a greater resemblance to 
Euchlaena than to the other parents. Cytological studies at 
meiosis indicate that there is almost complete pairing of Zea 
and Euchlaena chromosomes to form 10 bivalents while the 18 
Tripsacum chromosomes behave as univalents. There is little, 
if any, pairing of Tripsacum chromosomes with those of Zea or 
Euchlaena. 


38. Temperature, Crowding, and Quantity of Food as Factors 
in the Control of Sex in Moina macrocopa: L. A. Brown and 
A. M. Banta, Transylvania University, Brown University, and 
Carnegie Institution of Washington. This exhibit in chart form 
sets forth the effects of these different factors upon male produc- 
tion with particular attention to differentiation between the 
effects of crowding and quantity of food. It shows that in con- 
trol of sex by crowding quantity of food plays at most a very 
minor role in the result. 


39. Inheritance in Diploid Parthenogenesis Contrasted with 
Biparental Inheritance: A. M. Banta and THEetmMa R. Woon, 
Brown University and Carnegie Institution. A general dia- 
grammatic representation of results of studies with Daphnia 
longispina. 


40. Heat Induced Mutations in Drosophila and their Evolu- 
tionary Significance. (15 min.) (Lantern): H. H. Puovesu, 
Amherst College. <A series of tests using the Goldschmidt-Jollos 
method of subjecting 6-day-old Drosophila larvae to sub-lethal 
temperatures confirms their report that an increased number of 
mutations appear in successive generations derived from the 
animals exposed. As reported last summer Plough and Ives 
found an increase in mutation rate of 3 to 5 times that in the 
controls, which is, however, much lower than that reported by 
Jollos. Since the number of flies examined total nearly 200,000, 
and most of the mutations have been located accurately, it is 
now possible to draw certain definite conclusions regarding the 
time of origin of these mutants and their evolutionary signifi- 
cance. A total of 17 visible mutations were found in 450 cul- 
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tures from offspring of individuals subjected to heat only once. 
Of these, 10 appeared in the first generation derived from par- 
ents each of which had been heated. Four of these were domi- 
nant or semi-dominant, and 6 were recessive. In order that 
recessives should appear in this generation the same mutation 
must have occurred in the germ cells of each parent. Thus the 
same gene change must have been induced in at least two indi- 
viduals simultaneously. The remaining mutations appeared in 
successive generations including the eighth. Of these latter, 2 
were clear-cut dominants. Since dominants appear in the gen- 
eration derived from the germ cells in which the mutation occurs, 
it is clear that heat causes some effect (perhaps on the cytoplasm ) 
which is carried over for many cell generations before a gene 
mutation takes place. The 17 mutations found include one from 
red to white eye, and one reverse mutation from Bar to normal. 
Only one (dominant glued eye) is a new mutation not already 
observed in control cultures. Except for an increase in muta- 
tion rate the results parallel those found for spontaneous muta- 
tions. The data indicate that high temperature has no effect on 
the direction of evolution, but because more mutants may be 
available to be acted on by selection, it may speed up the process. 
This is in accord with the calculations of Fisher based on a priori 
reasoning. 


41. A Contribution to the Theory of Dominance. (15 min.) : 
C. R. Puunxert, New York University. The following theory 
is based primarily on the work of the author and others on the 
developmental interaction of genetic and environmental factors: 
Most, or probably all, of the chemical and physical processes in- 
volved in development approach their end points asymptotically. 
In general, processes determined entirely by wild-type genes 
actually proceed to points very close to their asymptotes, while 
those affected by mutant genes are more usually terminated by 
extrinsic factors at points relatively far from their asymptotes. 
This results in a generally smaller variability of wild-type as 
compared with mutant characters and, incidentally, to a usual, 
though not necessarily universal, dominance of wild-type to 
mutant allelomorphs. This theory reconciles the apparently con- 
tradictory ‘‘physiological’’ and ‘‘evolutionary’’ theories of 
dominance and meets the chief objections to each of them. It 
explains dominance in terms of developmental processes, but 
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regards the dominance relation between any two allelomorphs as 
a function also of all other factors affecting development. It 
regards the usual dominance of wild-type genes as a result of 
selection, but, in general, merely an incidental result of selection 
in the direction of enhancement and stabilization of favorable 
characters. Only in cases of exceptionally high mutation rates 
would the existence of the heterozygous mutants in the popula- 
tion be an important contributory factor in this selection. 


42. The Effects of Temperature on the Mean Bristle Numbers 
of Scute 1 in Drosophila melanogaster. (15 min.) (Lantern) : 
GeorcE P. Cuiup, New York University. The effects of tem- 
perature on the mean numbers of the various bristles affected 
by scute 1 were determined under carefully controlled genetic 
and environmental conditions. Curves obtained by plotting the 
mean numbers of each specific bristle against temperature showed 
a diversity of types: curves with a positive slope, with a negative 
slope, with a maximum and with a minimum. Preliminary 
studies indicate that in general the temperature effective period 
for any specific bristle covers the same definite portion of the 
time of development at all temperatures. When the period is 
determined by allowing the flies to develop first at a high tem- 
perature and then transferring them to a lower temperature, the 
temperature effective periods for all bristles oceupy the same 
portion of the time of development. When the reciprocal experi- 
ment is performed, however, it is found that for certain bristles 
there is an additional temperature effective period prior to the 
one common to all bristles. 


43. The Effect of Temperature upon Eyeless and upon Eyeless- 
Bar Compounds in Drosophila melanogaster. (15 min.) (Lan- 
tern): A. L. Baron, New York University. In an eyeless stock 
selected for uniformity of eye size, and showing no literally 
“‘eyeless’’ individuals, the facet number was found to be un- 
affected by temperature. No appreciable sex differences were 
observed. However in another eyeless stock which had been 
selected ‘‘down,’’ 7.¢., for totally eyeless individuals, the per- 
centage of eyes present increased with decrease of temperature, 
and a considerable sex difference was observed. Since the dis- 
tribution of facets among the ‘‘eyed’’ flies of the low selected 
stock is not normal, #.e., practically all such flies have high facet 
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numbers, the effect of temperature in this stock can not be con- 
sidered as influencing facet number, but rather some process 
operating on an all-or-none principle, thus changing the per- 
centage of eyes but not necessarily the facet number. The com- 
bination of the uniform eyeless stock with Bar indicates that 
these genes do not operate independently, since the resulting 
facet number is smaller than would be expected on the basis of 
such independent action. Heterozygous eyeless has no detect- 
able effect on Bar flies. The facet-temperature curve for BB 
ey ey individuals is very similar to the curve for homozygous 
double Bar, and that of the B+ ey ey individuals to that of 
homozygous Bar, the slope of the curve being determined, appar- 
ently, by the presence of the Bar gene and by the number of 
facets. 


44. Growth Rate, Metabolic Rate and Ultimate Body Size. 
(10 min.): R. Cummina Ross, College of Medicine, Syracuse, 
N. Y. A correlation of my own endocrine growth studies per- 
taining to giant and pigmy rabbits with 500 unpublished basal 
metabolic observations on rabbits, graciously provided by Dr. 
David Marine, of New York City, has produced the following 
results: (1) Parallel to the fall of relative growth rate there is a 
decline of heat production—from 5 calories per kilogram per 
hour at the age of one month, to 24 cal/kg/hr at ten months. 
(2) The heat production of maturity (after termination of 
growth!) is the true maintenance level, and is characteristic of 
the race. Here it is about 60 cal/kg/day. (3) The daily amount 
of growth per gram of tissue is directly proportional to the daily 
heat production per gram in excess of the maintenance level. 
About 2 calories are expended with the production of each gram 
of new tissue. (4) the ultimate size tends to be inversely pro- 
portional to the maintenance level. Apparently mammals with 
a low heat maintenance requirement attain large size, whereas 
those with high requirements always remain small. (5) In gen- 
eral, the logarithm of ultimate body weight approximates an 
inverse linear function of the maintenance heat requirement per 
kilogram per day. 


45. Duration versus Rate of Growth in the Attainment of 
Large Size. (5 min.) : R. Cummine Ross, College of Medicine, 
Syracuse, N. Y. It is a familiar observation that large animals 
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and plants generally require a longer growth period than many 
of the smaller varieties. In the rabbit the instantaneous rela- 
dW /dt 
WwW 
of the same order of magnitude at birth and for perhaps three 
months thereafter. Gradually their rates diverge, being more 
rapidly reduced in the smaller animals. The giants require 
some months longer to complete their growth. This phenomenon 
ean be interpreted as the effect, not of differences in initial en- 
dowment, but of difference in negative acceleration acting upon 
the rate of synthesis (per gram of tissue) throughout postnatal 
life. (Metaphor: velocity and distance traveled by rough- and 
smooth-surfaced toboggans while descending same incline with 
same initial velocity; the latter goes further and loses speed 
more gradually.) An alternative interpretation has been based 
on observations upon the female. Admitting that the smoothed 
averages do present an abstract picture of a ‘‘consistently 
higher’’ relative rate (in that sex only) one must not forget 
that this is not necessarily true of individuals in that group, 
many giants falling below many of the pigmies. We may con- 
clude that ultimate size is an equilibrium state characteristic of 


tive growth rate ( ) in giant, pigmy and hybrid males is 


the organism. Its attainment is independent of either velocity 
or relative rate of growth at any instant (although these may 
show positive correlation with size.) The cannon-ball trajectory 
theory postulating simply ‘‘initial velocity’’ differences does not 
apply to the relative growth curve, and can not apply to the 
velocity curve of rabbit body growth. 
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SHORTER ARTICLES AND DISCUSSION 


EFFECTS OF X-RADIATION ON PRODUCTION OF 
MOSAIC MALES AND ON SEX RATIO IN 
HABROBRACON? 


DurinG the genetic work on the parasitic wasp, Habrobracon 
juglandis (Ashmead), there have been described (Whiting, P. 
W., ’28; Whiting, P. W., and Anna R. Whiting, ’27) a number 
of mosaic males obtained from heterozygous females. Up to the 
time of this experiment, however, only eighty-four such males 
had been counted and examined. 

P. W. Whiting (’22) advanced the hypothesis that mosaic 
males in Habrobracon result from incomplete maturation of the 
egg. The hypothesis assumes that these irregular types come 
from unfertilized eggs of heterozygous mothers in eases where 
there was post-reduction and failure to extrude the second polar 
body, two odtids with different genes taking part in development. 
Anna R. Whiting and Carey H. Bostian (’31) obtained further 
evidence substantiating this hypothesis. They state (p. 679), 
‘‘Kye and wing mosaic males appeared only among progeny of 
heterozygous females since they are due to binuclearity of egg.” 

Goldschmidt and Katsuki (Goldschmidt, ’31) in their work on 
Bombyx mori L., obtained results of interest in this connection. 
They found that gynandromorphs and somatic mosaics resulted 
from egg binuclearity and that the tendency to produce binu- 
cleate eggs had a certain definite Mendelian basis. They ob- 
served that certain strains of Bombyx produced high ratios of 
mosaics. By genetic tests they showed that the hereditary basis 
of mosaicism in these strains is a single recessive gene. By cyto- 
logical analysis they showed that a high percentage of the eggs 
of individuals of this strain were binucleate. 

While making certain linkage tests in Habrobracon the author 
found that crosses involving shot vein, sv, (wings) stock females 


1 The author wishes to acknowledge his sincere indebtedness to Professor 
P. W. Whiting, under whose supervision this work was done and to express 
his gratitude to Professor R. T. Hance, who, as head of the department 
of zoology, provided space and laboratory equipment. The Victoreen 
Dosimeter and much essential technical assistance has been provided by 
a grant to Dr. Whiting from the Committee on Effects of Radiation on 
Living Organisms (National Research Council). 
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(Whiting, P. W., ’32) yielded an unusually large number of 
mosaic males (Table I). In eross A, shot vein females by ivory, 


TABLE I 
Mosaic MALES APPEARING IN LINKAGE TESTS 


F, males 


F, females 


Crosses set. Per cent. 


lar Mosai 
Regular Mosaic mosaic 


x oi.et 416 7 1.66 

sv? xelé 2 643 3 46 

sv2 xo.w? 20 433 0 0 
506 0 0 


o', (eyes), cut, et, (wings) males, there were 423 F, males of 
which seven were mosaics. Of the 646 F, males obtained in 
cross B, shot vein females by club, el, (legs) males, three were 
mosaics. Although no mosaics were noted in crosses C and D, 
also involving shot vein females, the high ratios obtained in 
crosses A and B indicated that the shot vein stock might be valu- 
able material for the study of ratios of mosaics. Therefore, this 
stock was used as the basis of the present experiment, the pur- 
pose of which was to determine whether mosaicism could be in- 
creased by means of x-radiation. 

Shot vein females were mated to ivory stumpy, st, (legs) 
males. The shot vein stock was derived from Minnesota yellow, 
M,, (base of antennae) stock during the summer of 1930 and has 
been kept as a pure line since that time. During the same sum- 
mer stumpy arose as a mutation and ivory stumpy males were 
derived. This combination has since been maintained by breed- 
ing to wild type (stock one) females. 

The F, heterozygous females from the above cross (shot vein 
by ivory stumpy) eclosed in the vials and, consequently, some 
of them mated with their brothers. These matings were per- 
mitted with the expectation that gynandromorphs would appear. 
Approximately two-thirds of the F, females from each vial were 
placed in gelatine capsules and treated. The remaining one- 
third were used as controls. A Coolidge tube with a tungsten 
target was used. The conditions of the treatment were as fol- 
lows: erest—76 K. V.; milliamperes—8; distance from target— 
15 centimeters; filter—} millimeter aluminum; duration—8 to 
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104 minutes. The dosage amounted to 2,000 Roentgen units, 
checked with a Victoreen dosimeter before and after each ex- 
posure. 


MosaIcisM 


Table II shows progeny produced by the 357 treated and 194 
control females. As regards ivory and stumpy, mosaicism is 
readily determined. Individuals having only wing differences 
were not included since the factor shot vein has a variable 
somatie effect (Whiting, P. W., ’32) sometimes affecting only one 
wing. 

TABLE II 


Mosaic AND MUTANT MALES FROM X-RAYED AND CONTROL ADULT FEMALES, 
FROM SV FEMALES x OistT MALES 


F, progeny 


F, females set. males 


Females 


Gynandro- 


morphs Per cent. 


tations 
mosaic Mutatio 


Regular Mosaic 


2914+ 
.0462 
0742+ 
.0289 


357 x-rayed 6176 18 
194 control 4041 


From the experimental data certain interesting ratios were 
obtained. The percentage of mosaics among male offspring 
from treated females was .291 + .046; in the controls it was 
.074 + .029. The difference, .217 + .055 per cent, is more than 
three times the probable error. Therefore, we may assume that 
this x-ray dosage has significantly increased the rate of pro- 
duction of mosaic males. 

The eighteen mosaic males from treated females included four 
involving ivory; two, stumpy; two, ivory and shot vein; three, 
stumpy and shot vein; and seven, ivory, stumpy and shot vein. 
The three mosaic males from control females included two in- 
volving ivory and one involving ivory, stumpy and shot vein. 

It has been shown (Patterson, ’31) that x-radiation increases 
mosaicism (gynandromorphism) in Drosophila in which case the 
basis for the phenomenon is chromosome elimination. The data 
presented in this paper demonstrate that mosaicism based on egg 
‘binuclearity is likewise increased by radiation. 
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Only one mosaic appeared from fertilized eggs, a gynandro- 
morph of wild type traits, female anteriorly and male posteri- 
orly. Since criteria for distinguishing gynandromorphs are dif- 
ferent from those used for mosaic males data from fertilized eggs 
(females) are not comparable with those from unfertilized. On 
the basis of the ratio of mosaics among the male offspring of 
treated it might be expected that there would be a comparable 
ratio of gynandromorphs among the 1449 females. This would 
amount to 4.2 individuals. Since polyspermy, as well as egg 
binuclearity, probably occurs it is likely that some binucleate 
eggs develop into females on account of fertilization of both 
nuclei. Two gynandromorphs with patroclinous male parts have 
been thus interpreted (Whiting, P. W., 731). 


MutTATIONS 


Mutations rarely appear among sons of treated females, prob- 
ably on account of simultaneous lethal effects on the azygote. It 
may be noted that the three mutations occurring in this experi- 
ment were among male progeny of control females (Table II). 

Two of these appeared as single male mutants; one to fused, f, 
(antennae, tarsi, wings) the other to orange, 0, (eyes) (tested by 
breeding). Mutations to fused have been previously noted five 
times. The complex of characters is unmistakable. Orange ap- 
pears not infrequently among offspring of females heterozygous 
for ivory, its allelomorph. These two loci are then relatively un- 
stable. 

The third mutation is new; strap, sr, reduces venation and 
narrows wings. Strap males appeared among regular brothers 
in the third, fifth and sixth vials from one female. The mutation 
probably occurred in an odgonial cell. 


Sex Ratio 

It has been previously noted (Whiting, P. W., ’29, p. 275; 
Bostian, Neita C., ’31) that the percentage of female offspring 
from x-radiated mothers, mated previous to treatment, has been 
markedly decreased. To observe the bearing of the present data 
on this point, a summary of those fraternities containing both 
male and female offspring was made (Table III). The differ- 
ence in percentage of females, 20.8 + .007, is very significant 
and in favor of the controls in spite of the fact that the omission 
of unisexual fraternities would tend to increase the ratio of fe- 
males among the treated by eliminating extreme cases. 
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TABLE III 
Sex RATIO IN BISEXUAL FRATERNITIES 


F, progeny 


F, females set Per cent. Sons per Total per 


females mother mother 


Gynandro- 


Males morphs 


Females 


182 x-rayed .. 2669 0 1449 35.2 + .502 14.66+ 22.63— 
138 control 2191 1 2789 56.0 + .474 15.88- 36.09+ 


It might be supposed that fertilizability of eggs was reduced 
by the treatment. This possibility is precluded as shown by 
Neita C. Bostian (’31) who obtained normal sex ratio from 
treated virgin females subsequently mated to untreated males. 
Since it is known that x-radiation injures sperm in the males it 
may be supposed that sperm in seminal receptacles are likewise 
affected. 

Fecundity of females is greatly reduced by extreme treat- 
ment, but with this relatively light dosage there is little effect on 
unfertilized eggs (sons per mother, Table III). Total progeny 
per mother is, however, greatly reduced, the striking deficiency 
of females not being compensated by an increase in males. Such 
an increase would be expected were it not for the fact that treat- 
ment of eggs cuts down the productivity in general. The differ- 
ence between reduction in sons per mother, 7.62 per cent. and 
reduction in total offspring per mother, 37.32 per cent. is 29.70 
per cent. It may be suggested that sperm affected by x-radiation 
are, in part at least, able to fertilize eggs and that such fertiliza- 
tion is lethal. 

The presence of dominant lethals induced in sperm of 
Drosophila has been postulated by Muller (’27) to account for 
partial sterility of x-rayed males. Female ratio was reduced on 
account of dominant lethals in the x-chromosome. The work was 
checked by egg counts. In Habrobracon we may expect female 
ratio to be much more reduced than in Drosophila since impater- 
nate males will be unaffected. 

RAYMOND J. GREB 

UNIVERSITY OF PITTSBURGH 
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THE PHASES OF AFRICAN LOCUSTS! 


WHEN I visited Pretoria last year I was very much impressed 
by the amount and character of the entomologiecal work done at 
the university, the Transvaal Museum, and also at the station 
for veterinary research at Onderstepoort. In the field of pure 
taxonomy, nothing could exceed the beauty and thoroughness of 
the work on Pyraloid moths by Professor A. J. T. Janse. The 
researches on the genetics of: honey-bees, the natural history of 
termites, the investigations concerning ticks and mosquitoes, the 
orderly arrangement of the great collections in the museum, all 
combined to make one think of Pretoria as a desirable place to 
live and work. But most wonderful of all, perhaps, was the work 
of Professor Faure on the phases of African locusts. He was 
good enough to demonstrate it to us in detail, and now we have 
the publication of his results, ‘‘made possible by the generous 
assistance of the Carnegie Corporation of New York, received 


1‘¢The Phases of Locusts in South Africa,’’ Jacobus C. Faure, Bulletin 
of Entomological Research, September, 1932. 112 pp. and 25 plates. 
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through the Research Grant Board of the Union of South 
Africa.’’ Certainly, in supporting these experiments and their 
publication, the Carnegie Corporation made excellent use of its 
funds, though one can not help regretting that the Union of 
South Africa did not feel able to assume this burden—a very 
light one for so great a country, especially in view of the eco- 
nomic interests involved. However, considering some of the 
recent ‘‘economies’’ in Washington, the United States certainly 
ean not point the finger of reproach. 

Faure’s work is a good type of what we like to call the new 
entomology, or shall we say synthetic entomology? It combines 
the methods of taxonomy, ecology, and physiology, of observation 
and experiment, all converging to make an intensive study of the 
problem in hand. But by virtue of these good qualities, it simul- 
taneously gains positive results, and opens up a multitude of 
problems for future investigation. 

The oceasion for these researches grew out of the remarkable 
theories of Uvarov, the learned Russian entomologist who now 
has charge of the Orthoptera in the British Museum. To the 
perennial and insistent question, ‘‘Why do locusts swarm?,’’ 
Uvarov answered by saying that the migratory species were so 
constituted that when the population became very dense, the 
insects actually changed their characters, both appearance and 
behavior. The coloration was affected, with the development of 
a pattern of black and orange, and the wings were longer. Thus 
these insects were dimorphic or polymorphic, presenting phases 
which owed their development to the conditions of life. These 
were called ‘‘phase solitaria,’’ the non-swarming types, and 
‘‘phase gregaria,’’ which formed the migratory swarms. The 
term ‘‘transiens’’ was applied to the intermediate forms. 

Such an extraordinary theory naturally led to much discussion, 
but it was supported by many facts, gleaned from various parts 
of the world. Since locust swarms do so much damage in Africa, 
Professor Faure decided to carry on extensive experiments, to 
determine the precise facts in relation to the important South 
African species. The principal one is Locustana pardalina 
(Walker), and the others are Nomadacris septemfasciata (Ser- 
ville), Locusta migratoria migratorioides Reiche and Fairmaire, 
and Schistocerca gregaria (Forskal). The Uvarov theory was 
confirmed in every particular, and all the details of the work 
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are explained, with colored plates drawn by Professor Janse. It 
is well known that in some Orthoptera the various color phases 
are hereditary, and subject to Mendelian laws. The coloration 
of the gregaria phase is only hereditary in the sense that the 
insects possess a mechanism which permits—indeed compels—the 
appearance of the special colors under special circumstances. 
These circumstances are essentially those connected with exces- 
sive crowding, which leads to almost perpetual activity. ‘‘This 
activity leads to a greatly increased rate of metabolism: There 
must be nervous activity to produce the muscular work; the 
muscles need more food, circulation of the blood must be in- 
creased, and so on. Meanwhile, ‘the black and orange coloration 
develops, and this doubtless causes a rise in the body tempera- 
ture, as compared with that of a green or gray hopper, due to the 
greater absorbtion of heat by the pitch black cuticula. Possibly 
this high rate of metabolism has certain features in common with 
the condition described as fever in a vertebrate. As the body 
temperature rises, the moisture requirements increase, leading 
to the voracious appetite for all manner of moist substances that 
is characteristic of the hoppers of the phase gregaria. The gre- 
gariousness leads the organism into a kind of vicious circle from 
which it can not escape; activity leading to black coloration, 
which causes a rise in body temperature, and this in turn pro- 
ducing still greater activity.’’ (p. 365.) Professor Faure pro- 
poses the term locustine ‘‘for the products of this excessive 
metabolism which lead to the development of the gregaria colora- 
tion.’? This is merely a temporary convenience, the name does 
not apply to anything which ean be defined in chemical terms. 
On mating gregaria with gregaria, both gregaria and solitaria 
were produced, according to the condition of life of the young 
hoppers. This is very strikingly shown by a photographic illus- 
tration. There seemed to be inheritance of acquired characters, 
when the first stage larva from gregaria would show the dark 
coloration. But this was due to the ‘‘locustine’’ in the egg, and 
disappeared in the second stage if the insect was reared alone. 

It will be readily appreciated that these observations are 
equally important from the standpoint of general physiology 
and genetics, and that of economic entomology. It will now be 
possible to predict locust swarms while the insects are still in 
the immature stage, and take measures to ‘‘nip them in the bud.’’ 
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It is now possible to understand why the famous Rocky Moun- 
tain locust, Melanoplus spretus, has vanished off the face of the 
earth. Formerly it appeared in vast and destructive swarms; 
now we can not find a single individual. On taxonomic grounds, 
Hebard some years ago decided that it was only a race or phase 
of Melanoplus mexicanus, more commonly called M. atlantis, an 
abundant resident, non-migratory species. It differs principally 
by the much longer wings. No doubt spretus was the phase 
gregaria of mexicanus, and I understand that experiments are 
now being carried on in Minnesota, to see if it is possible to pro- 
duce spretus from mexicanus, using the method of Faure. 

An albino phase of Locustana pardalina was found, and this 
was incapable of taking on the gregaria coloration, even when 
crowded. It proved on breeding to be a mendelian recessive. 

Other experiments were made, showing that the coloration of 
the hoppers was also affected by the color of their surroundings. 
Individuals raised in boxes painted different colors showed an 
extraordinary power of taking on the color of the box, black, 
orange or grey. The color green seemed to follow different laws, 
as is discussed at length. Certain non-migratory locusts, of the 


genera Oedaleus and Acanthacris, though very variable in color, 
could not be stimulated by crowding to develop any of the ‘‘gre- 
garia’’ characters. 


T. D. A. CocKERELL 
UNIVERSITY OF COLORADO 
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